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PREFACE. 



A Largg And elegant hridgt^ forming a *way 6f>et a broad, 
and rapid river ^ it jufily ejleemed one of the mblrji 
pieces of viechanifm that man ij capable of perfonning. yind 
the tifefulnejs of an art 'wbicb^ at the fame tunc that it cori' 
7}ef}s dijiant Jhfires by a il'/?v 'Jtrr the deep c!?id rapid n^-rtcrf^ 
alfo al/^-^WJ thofe r.vatfrs and ihcir navigatici to pafi f;;;cjth 
and uninterrupted, renders all probable attempts to advanci 
the theory or praLliee it, hi^iiji dtfervin^ the eHCouragemtnt 

TThit little book is offered ai an attempt tonaards the per- 
fection of the theory cf this art, in nvhi^h the proper tics, di- 
menftonsy propcrti9ns, and other relations of the various parts 
of a bridge t are firiSlly demonflrated, and clearly illuflratcd 
by various examples . It is di^idtd into fivt feiiioni : the iji 
treats oti tbi proje^s of bridges t containing a regular dstaU 
of the various circumfta^es and confidetaiiMs thttt eirt a^g* 
fiizahle in fuch projef{ls l The 2d tfeats on arches, demm^ 
fitdtitig ibeif various properties, *witb the relations between 
tbeir infrados arid ejttrados, and clearly dijiingtnjhes the mo/i 
Prtfetablt ctt/n/et to bo ufed in a bridge ; the frfi tiug or 
fhne propojitions being inftitufcd after the manner of two or 
fhrei done by Mr. Enterfon in his Fluxions and Mechanics ; 
The ^d fell ion treats on tbt fitfrs, dempi^firating their thick* 
mfi neceffary for fupporUng at^ iind of an arch, fpringing at 
pty height, and that b«tb when part of the pier is fuppofed 
iB^be-immnfed in water, nnd wbtsit otherwife : The i^th de- 
7NonJlrMt$* the force of the watef -^^infi ihe end or f!cc of 
fhe pier, confidered as of different firms \ wi$b the befi form 
for dividing the flream, he. and to it is etdded a tails 
Jbivjing the feveral Beigbis ef ike Jail of the *water uttder ibe 
arches, Mrijing from ifl ktekcify and tbi obftKu^ok rf the 
piers I as it ntstts compofed by Tb§, Wrigbtt. Sffi -of Jiuekimidi^ 
in the edunt^ efDitrbam^ who in/efUti tke tt U fmri tfk hwk 
w ^bic% he hds fient mit^ timet ^ vtUcb ktimtAtds tfi 
fai>w the pthlic: And the" ^Ib and laji fe^hn etntaim m 
diCthnary tbt fn/^ mdtidrUtl iefm^fteulikrA^ tkk fuitjedl^ 



iv PREFACE. 

$n fwhich many pra^iical ohfenations und dircilions an givertf 
rwhich could not bt fo Regularly nor propsrly introduced into 
the former j eft ions i Thc^<^Mhole^ it is prefumed, containing 
full dire{}iotts for tonfiituing and adapting to one another ^ 
the fevetal effential parts of a bridge, fo as to make it tho 
firongepi and the moji convenient, both for the fttfagt 6ver 
and under it; that the Jituation and other circuniftances *wilL 
pofjibly admit : not indeed for the adual meth9dt dif^ofing 
the JloneSy niakirig of mortar, or the exttrml wnaments, ^c. 
tbofe things I do not defend to, but leave to the difcretisH of 
the praSlical architeii, as being no part cf the pjan of my un- 
iiertaking ; and for the fame reafon aljb I Aavgghem »o vie*wi 
6f bridges, but orily pririts of fuch plirt$ offgurei as art nd* 
tefary ill exphtsmng tbs tltmenittry porli 0/ thf ftt^tH* 

As nrf profejfion is not that of an arc kited, very probably I 
Jhould never have turned my thoughts to this fubjeii, fo as to 
mddrefs the public upon iti had it not been from the occajion of 
an accident in that part of the country in *which I refide^ viZm 
the fall df Ntmcaflh and other bridges on tht river Tyne on 
the I'jib of November 177 1, occaftoned by a high flood 'which 
t9fe dhofU 9 f^et higher at Nenucafile than the ufual faring 

tide* do. And this occajion having furnifhed me nviti.mat^ 

apportuniftes of hearing and feeihg very abfurd thing t advanced 
on the fubjeO in general, I thought the demonfiratians of tkg 
felatient of the effential paeii of a bridge, loould net he uttae*' 
ceptdhle to thofe architect and others who may he eapahle of 
percaving the force of them, and mtbofe igmtMtee vu^ not 
have pfejudieed them agalnfi things mhich th^ do not un' 
derfland* 

In the ^h feHion there is one thing forgotten to he re* 
marked, w*. That in determining the heji form of the end of 
the pier to he n right-lined triangle, the nvater tuas fuppofed 
to ftrike every part of it *with the fame velocity : had the vari' 
eMy inereafed veiodty heen nfed^ the form of the ends *wonld 
€ome out a little curved s hut eu the inereafe of the velocity in 
the h^ hrkfgee it very fmedlt the differtme in them is fuite 
intperceptahfe* 

THE 



THE 

PRINCI PLES 

0 F 

STONE BRIDGES. 

S E C T I O N I. 

Of the Pryeils of Bridges, luith the Dcftgtif 

WHEN % bridge is deemed tiecefl^iy to be 
built over a river, the firft confideratioa 
is the place of it j or what particular fituation 
will contain a maximum of the advantages over 
tbe di&dvantagcs. 

In af^tating this moft important qucftion, c- 
very circumllance, certain and probable, attend- 
ing or likely to attend the bridge, Ihould be 
ieparately, minutely, and impartially ftated and 
examined ; and the advantage or difadvantagc 
of it rated at a value proportioned to it: then 
the difference between die whole advantages and 

B dif- 




2 The PiiiNciPLES of Bridges. 

difadvantages, will be the neat value of that 

particular lituation for which the calculation is 
made. And by doing the lame for any other 
lituations, all their neat values will be founds 
and of confequence the moft prefbable ittuadoit 
among them.— 'Or, m a competition between 
two places, if each one's advJintagc over the 
other be eidmated or valued in every circum- 
fiance attending them, the fums of their advan- 
taged will ihew whether of them is the better* 
. And the fame being done for this and a thkd, 
and fo on, the beft iltuation of all will be ob* 
tained. 

In this eftimation, a great number of particu* 

lars muft be inckided : and notliino: omitted that 
can be found to make a part of the coniideration* 

^ Among thefey the fituation of the town or 
place for the convenience of which the bridge 

is chiefly to be made, will naturally produce a 
particular of the hrll confequence ; and a great 
many others ought to be lacrificed to it. If 
poffible, the bridge {hould be placed where there 
can convciucady be opened and made pallages 
or ftreets from the ends of it in every diredion^ 
and efpecially one as nearly in the direction of 
the bridge it&lf as poffiUe, tending towards the 
body of the town, without narrows or crooked 
windings, and eafily communicating widi the 
chief fbreets, thoroughfires, &c.— i*And here 

every 
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Seft. L Tbe Prt^eBs Bridges^ iyc, j 

every perfon, In judging of this, ifaould divcft 
liiiiifdf of all partial regards or attachments what* 

ever ; think and determine for the good of the 
whole only, and for pofterity as well as the pre- 
ient. 

r 

The banks or. dedmdes towards the fiv^ 

arc alio of particular concern, as they affect the 
conveaieacy of the paiTage to and from the 
bridge, or determine the height of it, upon 
which in a great meaibre depends the expence« 

The brejidth of the river, the navigation upon 
it, and the quantity of water to be pafled, or 
the vdoci(7 and depth of the ftream, fonn alfo 
confiderations of great moment ; as they deter^ 
mine the budge to be highei' or lower, longer 
or fliorter. However, in moft cafes, a wide part 
6f the river ought rather to be chofea than a 
Barrow one, eipeciaUy if it is fubjed to great 
tides or floods; for, the increafed velocity of 
the ft ream in the narrow part, being again aug^ 
mentcd by the farther contracUon of the breadth, 
liy the piers of the bridge, will both incommode 
the navigation through the arches, and underr 
mine the piers and endanger the whole bridge. 

The nature of the bed of the river is alio of 
great concern, it having a great influence on the 

expence \ as upon it, and the depth and velocity 
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of the fiream, dqpend the manner of bying the 
foimdatioii8» and building the piers. 

♦ 

Thefe are the chief and capital articles of con- 
fideration, and wliich will branch themfdves out , 
into other dependent ones, and ib lead to th^ 
required efiioute of the whok* 

Having refoived on the place, the next con- 
fiderations are the form, the of th^ ex^ 

pence, and the manner of execution* 

With refpe^l to the form ; ftrength, utility, 
and beauty ought t(^ be regarded and united^ 
the chief part of which lies in the arches. The 
form of the arches wiD depend on their height 
and fpan ; and the height on that of the water, 
the navigation, and the adjacent banks. They 
cnight to be made (o high, as that they may 
eafily tranfmit the water at its greateft height 
either from tides or floods 5 and their height and 
figure ouG^ht alfo to be fuch as will eafily allow of 
a convenient pallkge of the ci*aft through thcm« 
This and the difpofition of it above, fo as to ren- 
der the paffage over it aUb convenient, make 

up its utility. Having fixed the heights of 

the arches, their fpans are ftill neceflary for de- 
termining their figure. Their fpans will be 
known by dividing the whole breadth of the 
river into a convenient number of arches and 
pi^rs, allowing ^t Ic^aft the aecelfary tbickncfs of 

th^ 



Scft. I. Proje^s of Bridges^ &c. 5 

the pkrs out of the whole. In fixing on the 
number of aixhes, take always an odd number, 
and rather take fbw and large ones dian inany 

and ihialler, if convenient : For thus you will 
have not only fewer foundations and piers to 
make, with fewer arches an4 centers, which will 
produce great lavings in the expence, but die 
arches themfelves will alio require much lefs ina- 
teiials and workmanlhip, and allow of more and 
better paflage for the water and craft through 
them i and will s^pear at the fame time more 
noble and beautiful, efp^ally if conilruded in 
elliptical, or in cycloid ai forms i fpr the tnith of 
wliich it may be iuiiicient to refer to that noble 
$uid elegant bridge lately built at filadcfnars, 
London, by Mr. Mylne.- And here I can't help 
remarking that the Gentleman who, a few years 
lince in a pamphlet on the Principles of Bridges, 
(cenfurcd Mr, Mylne and Mr, Muller concerning 
diiptic arches, has very much ezpofed himielf, 
and ab^irdly criticifes them through his own 
want of mathematical knowledge, which he fome- 
where in the lame pamphlet affcifls to defpife. 
tie brings to my mind an exprefiion of (1 think) 
M;*. Hemy IFidding fomewhere in his works. 
That a perfon docis not fpeak the wode on a 
fubje<Ef for knowing fometliing about it. I do 
not however make this remark through any par- 
ticular dffieQ»eft for this Gentleman, concerning 
whom I know nothing, farther, any more than I 
do jibout the other ^wo Gentlemen, but only to 

prevent** 
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6 Thi PuiKapLCs of Bridges* 

prevent others from being prqudked and mifled 
by the authority of his ipfe (ii:intf^}£ the top of the 
bridge be a ftreigbt hori^ntal line, let the arches 
be made all of a fiz^ ; if it be a little lower at 
the ends than the middlp, the arches muii pror 
porttonally decre^ £rpm the middle towards the 
ends ; but if higher a^ the ends than the middle, 
let theni incieafc towards the ends. A choice 
q£ the rpoft convenient; arches is to be made 
firom the 4th arid 5th puopoiitioiis, where their 
leveral properties. Sec, are (iemooftrated and 
pointed out : Among them, the cUiptic, cycloi- 
dal, and equilibria! arch in prop. 5, will gene-^ 
rally claim the preference, both on account of 
their ftrength, liMeauty, and cheapnefi or ikving 
in materials and labour: Other particulars alfo 
concerning them may be feen under the word 
Arch in the Didionary in the laii ie<^n« And 
as die choice of the arch is of £0 graac moment^ 
let no perlbn, either through ignorance or indor 
lence, prefer a worfe arch becaufe it may feem 
to him eaficr to conftnicl; for he v ould very 
ill defcrve the name or emplpymcnt of an Archiv 
t^d, who is incapable of rendering the ezaft 
conftrudion of thefe curves eaiy and fiuniliar.to 
liimfelf; but if, by chance, a Bridge-builder 
ihouid be employed who is incapable of doing 
that, he ought at leaft to be endowed with fuch 
a ihare of honefty as to procure fome perfon to 
go through the calculations which he cannot' 
make for iiimfelf. 

Next 
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Next find wliat thicknefs at the keyftone or 
top will, be neceflaiy for the arches. For which 
fee the word Keystone ih die Didionary in the 

iail feclion. 

Having thus obtained all the paits of the 
arches, with the height of the piers, the necef- 
iauy thicknefs of the piers themiHves are next to 
be computed by prop* lo« 

Tfiis done, the chief and material requifites 
are found ; the elevation and plans of the defiga 

can then be drawn, and the calculations of the 
expence from thence made, including the foun- 
dations, with fuch ornamental or accidental ap- 
pendages as ihall be thought fit; which I Jhall 
leave to the ^cretiori of the Pradical Archkeft, 
as being no part of the plan of my undertaking, 
together with the pra^iical methods of carrying 
the deiign into execution. I ihall however, ini 
the DiAionary in the laft feAion, not only de-* 
fcribe the terms, parts, machines, &c but alfo 
fpeak of their dimenfions, properties, and any 
thing elfe material belonging to theraj and to 
which therefore 1 from hence refer for more ex- 
plicit infoimation in each particular article, as 
well as to thefe immediately following propofi- 
tions, in which the theoiy of the arches, piors, 
&c. aire fully and firi&iy demomiixated. 

■ 

SEC- 
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SECTION n- 
0/ the Arches. 

Proposition L 

T ET there be any number of lines AB^ BC, 
CD, DE, 6*^. alt in the fame 'vertical 
phncy conneSled together and moveable about 
the joints or angles A, B, C, D, £, F ; the two 

extreme points A and F being fixed : It is re* 
quired to find the proportions of the uueights 
to be laid upon the angles B, C, D, ^c. Jo that 

the uuhole niay remain m e^uilibnunu 




Soktion. 



From the feveral angles having drawn f3it 
lines Bb, Cc, Dd, &:c. perpendicular to the 
hoiizon ^ about theio, as diagonals, coniiitute 
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parallelograms fuch, that thofe fides of each two 
that are upon the fame one of the given lines, 
may be equal to each other ; viz. having made 

one parallelogram mn, take Cp = Bn, and form 
the paralieiogram pqj tiien take Dr = Gq, and 
make the parallelogram rs ; and take £t = Ds» 
and form the parallelogram t v ; and ib on : 

Then tlie faid vertical diagonals B b, Cc, Dd, 
Ee, ^rc. of thofe parallelooframs, will be propor- 
tional to the weights, as rec^uired. 
« 

Dmonjlration. 

By the rcfoliition of forces, each of the weights 
or forces Bb, Cc, Dd, &c. in the diagonals of 
the paraUebgrams, is equal to, and may be re- 
folved into two forces exprelTed by two adjacent 
fides of the parallelogram ; viz. the force Bb 
will be refoived into the two forces Bm, Bn, 
amd in thofe dire^ons; the force Cc into the 
two forces Cp, Cq, and in thofe dlre6tions; the 
force Dd into the two forces Dr, Ds, and in 
thofe direftions ; and fo on : Then, fmce two 
forces that arc equal, and in oppolite directions, 
do mutually balance each other ; therefore the 
feveral pwrs of forces Bn and Cp, Cq and Dr, 
Ds and Et, ^c. being equal and oppoikc, by 
the conftruction, do mutually defbroy or balance 
each other ; and the extreme forces Bm, £v, 
are balanced by the oppofite .refiftances of the 
£xed points A, F, Wherefore there ia no force 

C to 
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to change the pofition of my one of the lines, 
and confequently they will all remain in equili- 
brium. ^E^D. 

Corollary^ 

Hekce, if one of the weights and the portions 
of all the lines be given, all the other wei^ts 

may be found. 

Proposition II. 

IF any number of Uncs, that arc coniwSIed t(h 

gether and moveable about the points of con" 

neSium^ be kept in equilibriuM by nveights laid 

upon the angles^ as in the laji propojition : Then 

ivill the 'weight on any angle C be umverjallj 

fine of the ^ BCD w ^ • j- m 
as ^ .{^ ^ ^ ^rn » ^^^^ dtreSily as 
J. -ciii BCc X J. -s::! cGD 

the fine of that angle^ and reciprocally as the 

fines of the tnvo parts or angles into nvhicb that 

angle is divided by a line drawn through it 

perpendicular to the horizm. 

Demon/lration. 

■ 

By the laft propoiition tlie weights are as Bb» 
Cc, Dd, &c. when Bn = pC, Cq = rD, Ds = 

tE, Lc. But, fince the angle ABb is = the angle 

Bbn, 
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Bbn, and the angle B Cc = the angle Ccq, &c. 

as being alwa) s the alternate angles made by a 
line cutting two other parallel lines ; alfo the line 
of the ^ ABC = s.^ Bnb, and s. ^ BCD 
= s« ^ Cqc, as being fupplements one to ano- 
ther; by plane trigonometry we liiall have 

xBbxs.-s-iABb Ccxs.^cCD 

.Ccxs.^BCc vDdxs.^dDE 
B C D- = ^0"^=) ""T^ CDE~' 



Hence 

Bb : Cc : : 
Cc : Dd : : 



s.^ ABC ^ s.^ BCD V 

s. ^ B CD s. ^ CPE 
s.-i:.BCc~ * s.^dDiu* 



^ s.^CDE 8.-tfiDEF, 
»^ ^ • 8,^CJ>d ? sT^^ET 

Or» by dividing the latter terms of the £rft of 
thefe proportions each by s. ^ bBC, and then 

compounding together two of the proportions, 
then three of them, Sec. ftriking out the com- 
mon fadors, and obferving that thes. ^bBC 
is sr s. ^ BCc, the s. ^ cCD s s. ^ CDd^ 
&c. welhallhave 

C 3 Bb 



1 
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. . . _5^£ABC_ . s-ZBCD 

■ ' irZSBEIsTZbBc s. ^BCcxs.^cCB* 

Bb Dd-- S'^ ABC s. ZCDE 

•^'^ • • s. ^ A Bb X 8. z bBC • 8. Z CDd X 8. ^Id JD£ * 

Bb-Ee-- — . s. zDEF 

Otherwife^ 

SiNC£ Cp or Bn : Bm or nb : : 8.^Bbii 
or 8. ^ ABb : ^ bBC or 8. ^ BCc : : 

I , r 
8. -si. BCc • s. ^ ABb* 

and Cp 01 qc : Cq or Dr : : s.^ cCq or 

s.^CDd:s.^Ccqors. ^BCc :: 
I z 

• 



sTIZBCc • 8.^ CDd 



it is clear that Cp is as — -J— -j that is, 

the forces mB, pC, rD, &c. are reciprocally as 
the lines of the angles which they make with 

the vertical line. 

And lince Cc is,= >^ ^ Cpc 

' 8. ^ Ccp 

Cpx 8.^ BCD ^, . X . 

• — ^ cC-D — * therefore any iorce Cc u 

^8.^ BCD <a m 

s. c C B x c CD • 

Carol'' 
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Corollary^ 

If D G be produced to h ; the fine of the 
^ h C B being = to the fine of its iupplcment 
BCD, tlie weight or fbcce Cc will be as 

8>^BC^x!^cCD ' "^^^^ ^^^^ toge- 
ther make up two right angles. 
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Profoiition hi* 

TO find the proportum of the height of tb 
noalt above every point of an arch if equtltbra 

tion : That is^ if GHIK be the top of a iva 
fupported by an arch ABGD ; it is required i 
find the proportum of the perpendiculars BE 

CI, c5)'^. fo that all the parts of the arch ma 
be kept in equilibnuni from fallings bytheweighi 
or prejfurc of the fuperincunAent ivalL 




Solution* 

The lines of equilibratioji in the former pro- 
portions being imagined to become indefinitely 

fmall, they will conititufce a curve of equilibra- 
tion, and the weights will prefs upon every point 
of it,^ and will be rei^>e^vdy equal to the per- 
pendiculars 
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pendicolars BH, CI, &c. drawn into didr re- 

fpe(^ve breadths, fuppofing them to be indefi- 
nitely narrow parallelograms : Alfo the angle 
hCB will become the angle of contad fomaed 
by the tangent and curve, whofe fine is equal 
to tlie angle itfelf or its meafure, and the an- 
gles c C B and c C D become equal to the 
angles cCh, cCk, or equal to the angles ICk, 
iCh, whofe fines are equal, becaufe the angles 
are fupplements to each other. Thefe values 
being iuliitituted in tlie exprellioti in the co- 
rollary to the laH propoiition, we iiiall have the 

r r-i n 1 the ancfle hCB 

force Cc or parallelogram Ci as — _ ^ — 

s. ^ hCIi 

. the^kCD 
or as -rzt: 



Now fupppofing thefe narrow^ parallelograms 
to ftand upon indeiinitely fmail equal parts of 
the arch, their breadths will be diredUy as the 
s. ^ kCX and invedly as radius ; hence the pa- 

iaUelpfl*am IC x s. -si kCI is as ^^^-^^^^ 
and confequeutly the altitude IC as 

s.^kCl<* 



or as the -ii kCD x fecant ^ kCPl' ; CP 
being perpendicular to CI, and the radius all 

along equal to unity. 



But the angle of contact kCD is as the cur- 
vature of the arch, and that again is inverfly 

as 
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as the radius of curvaituxe ; wherefore IC im 

\ fee.-.- kCpl* 

""TTrareF ""'^ — 5 — .putting 

R for the radius of curvature to the point C ; 
that IS, the height of the wall above any pointy 
is reciprocally as the radius of curvature and 

cube of the iiac ot the an^lc in which the ver- 
tical line cuts the cur\ c in that ]:nint, or reci- 
procally as the radius of curvature and directly 
as the cube of the fecant of the curvcS^s inclina- 
tion to the horizon. 

Corollary u 

H£KCE» if the form of the arch^ or nature of 
the curve A BCD be given, the form of the 
line GHIK bounding the top of the wall or 

forming the extrados, may be found fo, that 
A BCD fliall be an arch of equilibration, or be 
in equilibrium in all its parts by the prefiTure of 
die wall* 

For, lince the arch is given, the radius of cur- 
vature and pofition of the tangent at every point 
of it will be given, and confequently the pro- 
portions of the verticals BH, CI, And by * 
afiuming one of them, or making it equal to an 
ailigned length, the reft will be found from it ; 
and then the line GHI &c, may be drawn 
through the extremities . of them aU. 

CoroU 
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CoroUary z. 

And if the line GHIK, forming the top of 
the wall be given, the cui^e of equilibration 
A BCD may be found. And the manner of 
finding them both, the one from the other, we 
ihaU teach in the two following propolitions. 

Corollary 3, 

If the arch A BCD be a circle; the radius 
of curvature will be conilant, and the angle 
kCP always mcafured by the arc DC» fup> 
pofing D the vertex of tbe curve $ ^and then 
CI will be every-whcrt as the cube of tbe 
cant of the arc DC. 



' The PjLi2l<:iPLfes of B&idges. 



Proposition IV. 

Having gi^^cn the hlraJos, to fitld the 
Extrados. That givm the nature or form of 
an arcbf to Jmd the nature of the line formng 
the top of the fuperincumbent ivall, by nvhofe 
preffure the arch is kept in equilibrium. 

Solution. 

« 

Let D ht the vertex of the given eimre 

ABC D, and K that of the required Hne G HiK* 
Put a = DK, X - AF the abfcifla, _y = PC the 
ordinate^ z =s DC the arch, and R = the radiua 
of curvature at the pdat C» 

Now, by the laft prcyp* CI is as 
But, by fimilar triangles, as jr i z z: i (radius) 

• < 

: T s fee. ^ kCP; therefore CI is as 

Again, in every curve whofe ordinate is refered to 
an axis, the radius of curvature R is = .^r— r^. ; 

wherefore CI will be as ' ^'^ TT , or CI = 
• •••»• ^ 

y X X y 

—p X where Q^ is conilant quantity 

' ' ' ' whofe 
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wliofc value will be dctci mined by taking the 
expreiiion for the giveu perpendicular DK at 
t|ie vertex of the cmve* 

7 . 

■ • . ' ' .' 

• • •» . ^ . 

Corollary. 

Hence then, as either x ov y may be fup- 
poCed to £ow uniformly, and conilequently either 
of their iecoiid fluxicxis equal to nothing, by 
firfldng pssbsx of the tenns oat of the nunie* 
rator of the above value of CI, and then ex- 
terminating either of the unknown quantities 
by the equation of the curve^ the value of CI 
be obtained j as if dpfie .in.tbA /pUoniing 



4 • » 



D2 



Ex- 



♦ 

'fid ^ Tie P&mciPLEj of BMDOEa. 

£ X A M P L £ i; 

■ « 

7b /nd tie extrad^t ^ a circular arcb. 




Let (^be the ceato and D the vertex o| 
the given circular arch, E the vertex of the 

€xtra,dos, and the other hncs in tlic hgurc. 



Put a = DK, r = AQ^ = qp =5 the radius, 
* = DP, and;f = PC = RI, 

Then » =! ^/sr^p — *^ip, y cs ^ ^ 

5Uid J' = ■ by making = o. Hence 

CI 
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^ 2r7- A?;^^^ ^ 2^ _ jjg^ ; But, at thcvcrtex 
« is as o, and then CI is = DR ^ ~ """"^ 



= = Confequently the value of 



2, 

an And the genial value of CI or ^===jT 



DK xD Q^' 



ft 

^ By maktiig conftant* 

« • 

The notation remaiaiag as before : we have 

«- . » • 

Mstr^ s/r* ^ = / {-^ and i 3 

JIjL^. Hence Cl or yjl:zJ^ xj^ becomes 

— X 2, = • Thto when » o, giwa 

f rr^^^^ . . : - ! 

« s 2^, ^ jg^ tfr.as before. And confe- 
if* I ' .' } • * 

quentlj 



I 
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DK X DO' 
s I as. 









ril 





Hence l^e .eqiutian (£9 cnrc KI Is v s 

(KR = «* + *~IC =) a + * T .Qr.ss 

' . ■ .... r T ^. 



rr 



Hence KIG is a curve ninning up an infi? 
nlte height towarcb G, the perpendicular AG 
being an afymptote to it : And the curve is 
accuratdy as reprefented in the figure, when 

the thicknei^ DK at the top is ^— 15th of the 
^jpan. 

But the curve KIG is quite inconvenient, 
for the foKm of the ex<t ^ ^ 
trados of any bridge; 
however a ftreight ho- [J 
rizontal Hne IK might ^ 
be uied inftead of it, if 
igaterials of wUcl^ 
the arch is built, could 
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be fo chofen, as that they iftight increafe 
in their fpecific gravity £pom DK towards CI, 
continually as the cube of the fecant of the. 
aTCh from ll). And tins again perhaps would 
be quite impra<5licable : But if a circular arch 
and a right line at the top were necejfarily 
required, the proportion of DK to the nuHm 
DC^may be found fo as die arch may be 
nearly in equilibrium thus : 

When KI is a right hne, then KR in thd 
figure, to the example, mu& be nothing ; or ra<< 
ther when the curve crofles the horizontal line, 
then KR is equal to nothing; put its value 
then, as found above, equal to o, and we ihall 



iiave ■ — a — r + y/r* ^y* = o, and 



from this equation, by afiimiing one of the 
quantities, a, the conrefponding value of the 

other may be found for the point where the 
curve crofles the horizontal line \ fo from hence 

the general value of is ( y • x 

— — 4 

rr — vv* 



rr 



ZITP^a) rr-yyy ■_ 

^ r* + r^T\ - y^ + r* - y^ 



> — ——X = — i T— ? • Now this va- 

lue of or DK evidently becomes s o when 

the arch coniifis of the whole femi-circle ; but 

when 
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Drhen the arch is Ids than the femicircle) a wiS 

have a finite value, and between 60 and 120 de^^ 
grees many arches of equilibration of a certain 
thickncis at top may be> found. Thus, if the 
half arch D C contain 30 degrees \ then its fine 
^ or PC is = ir; which being fubftituted for 
it in the above general value of we have 

a = — X ^r, or = extremely ncai j 

that is, DK is = ^ of DQ^or i of 2PC the 
fpan when the curve cuts the horizontal line 
diredly above the pcunt in the circle which an« 
fwers to 30 degrees^ hsA. if DC were an arch 

of 45 degrees j then y ^r</^^ and a = ^ "^x^ ^ 

100 ' T of fpui nearly. Alio, if 

D C were 60 degrees ; then y = ry^^, and m ^ 

Vi?th of r = or of the fpan newly.-— 

So that in each of thefe cafes the points C and 
D would be in equilibrium \ but then about the 
middle parts between D and C» or rather nearer 

to D than to C, the materials fhould be a little 
hghter than at D and C, and the exaft propor- - 
tion in which tlieir gravity ihould be diminifhed* 
might eaiily be found by calculation ; fo in the 
firft cafe, in particular, the fpecific gravity of 
the materials in the middle of the arch bclw con 
D and C, that is at 15 degrees from D, ihould 
be to that at D or C^ as 278 to 284P which is 

but 
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but a very incoiifiderable dccrcafc, and niay be 

Very well ncglcded. In tlie fii-ft two cafes, 

the thicknefs at the top would be too much i 
but iot the latter one, when the whole arch is 
120 degrees, the thicknefs is juft about that 
which the beft architects nuw allow ; and in 
greater arches the thicknefe would become too 
little. So that an arch of nearly about 120 de- 
grees, is the only part of a drcle that can be 
ufed with any degree of propriety. 

£ X A M P X E 2« 

To determine the ex fr ados of an dii^iual arch of 

equUw/ation^ 




Suppose the curve in the above figure to be 
ft ftmi-dlipfe, with either the longer or ihorter 

£ axe 
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axe horizontal ; and let h denote the horizontal 
femi-axe AQ^ and r the vmical oneDC^ and 
all the other letters as in the laft example. 

Then, by the nature of the ellipfe, r z 6:z, 

M — ^ _____ fj I I a 

y/zrx XX : y = -p\/2rx MX hence y = 

^ X ■ aud y = ■ . r 

making * conftant. Then CI ss — r-^ x 

But when ;^ is = o, tins expreiSbn becomes a 

= and then ^~ ; consequently CI is 

DRxDO; . 

= X = — o rri""^* wie lame as in 

r ^ X rV(2 

the circle. And the lame exprcllion may be 

brought out by making y conlbmt. 

Hence the nature of the curve KI is thus ex- 



preiTed, KR=:^» + «*-ax 

♦ r — i 

— Y \/ bh ^ yy — ^ , and is of the fame 

kind with that in tltc lafl example. But the 

dliptk arch may take a ilreight line at top better 
than the drcuhu' one^ when the longer axe. 

hori* 
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horizontal, becaufe the arch is flatter, or of a 
hsb curvature ; and worfe than the circular arch, 
when the Ihorter axe is horizontal. 



To deUrmine the figure of the extrados of a fat d' 

^f e^uilipration* 




Put a = KD, r i^DQ, k == (^A, ;r =DP, 
and> = PC5=Hl, 

Then, bjr th^ nature of the curve, bb : yj^ 

ryv * ^^yy 



ss by making y conftaAt* Then CI =: £ 

bh * ^ 

X i^is s: -2^^= a conftant quantity a i that 
i3> CI is cvcry-whcrc equal to. KD^ 

£ Confe« 
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Confcqucntly K R is = D P ; and fincc R I is 
= PC, it is evident that Kl is the fame para- 
bolic curve with DC, and may be placed any 
height above it. 

Example 4. 

To find the figure of the extrados for an hyper* 
bolic arch of equilibration. 




Put /j = KD, r = thc femi-tranfverfe, and 
i& = the femi-conjugate axe, = D P, and y =: 

PC = RI. 

Then, by the nature of the hyperbola, y a 

h . . hx r + 

'z ir X •\- XX \ hence y = — x /- = > 

' ^ r s/^ zr }( + XX' 

^d y rr - "" by making x conflant. 

2rx + xx^ 

• •• _ 

Wherefore C I or Zfl x ^= • — • But 

when 



! 
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Vfhaxi )g s o, this cxpreffion becomes ^^^^^ 

hence a confeijuently CI qr 

IS = 



"Wlience the ^uation to the cffnre KI ter 
quired be KR = (a 4- CI s) a -4- 
tfr' / , , . ■ ah* 



ScbolimBf 



In tins hyperbolic arch then, it is evident- 
that the extrados KI coatiniialty approaehes^ 
nearer to the intrados ; whereas in the drciibr 
and elHpdc arches, it goes off continiially far* 
thcr from it ; and in the parabola, the two 
.curves keep always at the fame dillance; ob- 
ferving however that by the diflance betweqi 
the two curves, in each of thcfe cafes» is meaii(' 
^Sjsj^ diflance i|i the yertipl direffioi^ 



• 
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EXAUFLE 5« 

■ 

%0 Jind ibt ixtrados for a catinarian arcb tf 




Let a = KD, ^ ssDP, aad^ = PC = RI, 
as befofe ; alio let denote th^ confiaot tenfioa 
l)f the curve at tbe v^ex. 

Thai, by the n^itore of tlie catenary, jr is =: 
< X liyp. iQgf ot ^ i hence^ 



EsJdng tbe fluzioos, we liave ^ = 



and jF A ^ii^ X -'- 'v ^ bjr ^bo^^ it 



cooftaot. meiefiareCIorl^^xit?^ 

X But at the vertex « it as o> and CI s 

# ai confe^ueiitly a ii^ Tlus being 

mittea 
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writtea for It, diere refiilts CI = t^^^ x 4 

c 

ax 

c ' 

Hence, for the nature of the ctnre KI, ve 
have KR 5: (« + * — CI =).4r — ^ sb-I^ x jr* 

Corollary. 

And hence the abfcifla DP is to the abfcifla 
KR, always in the conftant proportion of ^ to 
c-^ a* So that, when a is Ids than r, R and 
the curve KI lies below the horizontal line; but 
when a is greater dian (9 they He abov^ it ; and 
when a is equal to KR is always equal to 
nothing, and KI or the extrados coincides with 
the iioiizontal line. ' \ * 

As a diniimihes, the line KI approaches nearer 
to D C ia all its parts, till: when 0 entirely ya* 
niihes, or is ib fittle in refped of r ail to be 

omitted in the ca^reifio^ ^^^^ X 4P s KR, the 

two curves quite coincide throughout. 

Scbolmmm 

As we have found above that tlic extrado» 
will be a ftreight horizontal line when a h equal 

• to 



The PhincipLes of Bridges. 

Co Cf I fliall here make a calculation to deteT' 
miile, in that cafe, the value of and conli^<- 

quently of a with rcfpcct to .v and ^, or a given 
fpan and height of an arch« 

tfdw the equation to fAit curve exprdfed lit 

terms of and j^, is ^ = c hyp. log. of 

— j and u iien x and ^ ai e 

^ven, the value of e may be found from this 

equation, by the method of trial and error. But 
a& the procefs would be at bci! but a tedious 
One, and perhaps the method n6t estfy in this 
cafe to be pra^tiied by every peribn, I ihail 
here inveftigatc a ferics for finding the value 
of c from thofe of ^ and y in a direct manner# 

t 

Since then y is ss c x hyp. log. of 
c-^x + ^/jicx-^^x ^ taking the fluxion of 



this equation^ We have y = 



s/lCX + XX 

\dx 



-t by UTLting d for and by eic^ 

panding this ^xprei&on into a feries^ it becomes 
• /d 

and» 
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and, by takiog the fluents we hard/ ss j^dx x 

, 2.3 2.4-5 2.4,6.7^/' 6.8.9^/* • 
and hence, by dividing by a*, we have = x 

2.3 4/ 54.5 2.4.6. 7 2.4.6.8.P ^* 

or, by writing v for, ^ and.-z^; for V^-, it is v 

2.3t£; 24^,^w* 2.4.6. 7Z£;^ 3.4.6.8. 9^*;^ * 
Then, by revetting tins feries, we have w ^ 

■ 01? 5601; ^o/^ov' 56001;' 

hence, by fquaring, &c* and reiloring the ori- 
pnal letters, it k {^d = ^xw* =) r = K 

2 *-r + — T "J G ♦ : — o^C» 

• * 3 45,y 3 7»o;^* 453600;^* 
where a few of the firfl: terms are fafficient to 
deterimne tfacf v^lue of c pretty nearly. 

Now, for an example in numbers, fuppofe 
the hdght of the arch to be 40 feet, and its 
fpan 100, which are nearly the dimeniions of 

the middle arch of Blackfiiar's Bridge at Lon- 
don. Then x = 40, and ^ = 50 j which being 
fubfiituted for them in this feries, it gives c 
3<$»88 feet nearly* So that to have made that 

arch a catenarian one, with a ftreight line above, 
the top of the arch mud have been almofl of the 

F immcnfe 
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immenfe thicknds of 37 feet, to have kq>t it m 
equitibrimiL 

But if the height and fpan be 40 and 100 feet, 
as above, aad the thickiieis of the arch at top be 
aflumed equal to 6 feet, then the extrados will 
not be a right line, but as it is drawn in the 

figuic to this example, which figure is accurately 
coniiructed according to theie chmeniions* 

It inay be farthef* remarked, that the curves in 
thefc laft threc cxamples, viz* the parabola, hy-» 

perbola, and catenary, are all very improper lor 
the arches of a bridge conlifting of feveral arches \ 
becaufe it is evident hom their figtmes, which 
are all accurately conflruAed, that all the build- 
ing or filling up of the flanks of the arches will 
tend to dellroy the equilibrium of them. But 
in a bridge of one fingle arch whofe extrados 
riles pretty much from the fpring to the top, 
one of thefe figures will anfwer better than any 
of the former ones. 
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Example 

To deiemine th extrados of a cychndal a^cb of 

. equilibration* 




Let DZC^be the circle from which the cy7 
cloid DCA is generated, and die other line^ 
as before. 

Put a = DK, X = DP, and = =3 RI ; 
alio put d = PC^the diameter of the circle, an<^ 
= the circular arc DZ* 



Then, by the nature of the cycloid, CZ is 
always equal to D Z = ; and, by the nature 
of the circle, PZ is = \/dx^xx ; wherefore 
PCor;f = (CZ + ZP=)j2r + v^Z^-^- Hence 



^dx^xx 



X X J but z = 
F2 



jdx 
s/dx — XX 

fey. 



1 



» 
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by the nature of tbe cirde % therefore y =s 

^ making i coiiftant. Heuce CI 

cZiX,x St= Butwiiea;^ = o>CIis 

^ a =^ therefore 2ad aad tlien th$ 
2a 

general value of CI is • 

d^jr 

Confeqiiently KR = + iif CI sr) 41 4- * 
' „ ■ will exprefe the nature o£ the curve 

KI ; which refem^les that for the cirde and 
eUipfe, as evidently appears by comparing the 
figures together, each of Aem being accuratdy 
conftruded. But this figure feems to be rather 
better than either of them, as the extrados ap« 
proacbes rather nearer to a right Une, and ex* 
tends £uther out before it is bent' upwards. 

Other examples of known curves might be 
given ; but thof^ that have been put down al- 
ready, feem to be the fitteft for real practice } 
and there is a iuffident variety among them, 
to fuit the various circumftanccs qf cpnvpnience, 
ftreagth, and beauty. 

♦ 

{ihaU 
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■ 

I jhaO nov proceed to another general pro* 

blem, which is the reverfe of the laft one, and 
determines the figure of the intrados for any 
given figure of the extrados, that the arch 
may be in e(juilibriuia in all its parts. 

Proposition V. 

Having the Extrados gpuen, $o find the 
Intrados* That 14^ bavitig given the nature or 
form of a Une bounding the top of a nvall abo-uc 
an arch ; to find the figure of the arch^ fo that 
\tj/ the prejfure of the fuperincnmhent wallf the 
wb(ile majf remain in e^uilil?rium* 



Put a ?= DK the thickncfs of the arch at 
top, = DP the ab- 
fciifa of the intrados 
DC, 0 s KR the ab- 
Icifla of the given ex* 
trados KI, and = PC 
s RI their equal ordi« 
fuites* 




Then, 1^ thehifi propoiiti<Mi, CI is ss-^^ 7^fS? 

i<4L; but CI is alfo evidently equal to a + ^-ar; 

therefore 



■•'1. 
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• *• • 

tbeiefare a + » — g is =i — ^ ^ ^ 

the £mdoa of wherp J^is a coniUnt quan* 

y . 

tity, as ufed in the laft propofidon, and always 
to be ddemimed from the natuie or conditioni; 

of cacli particular cafe. 

Hence then, by iubfiitadng in this equation 
the given value of z inftead oif it, as exprefifed 

in terms of the iciulting equation will then 
involve only x and y together with theij* firft and 
lecond fluxions, beiides conilant quantities. And 
from it the relation between x and y themfelves 
may be found, by the application of fuch me- 
thods as may feem to he bcil adapted to the pai d- 
cuiar forn^ pf the given equation to the extrados* 
In genecaly a proper feiies for the value of 4r in 
temis of y is to be affumed with indeterminate 
cpeffipents ; which feries being put into fluxions, 
ftriking out of every term the fluxion of r ; and 
the reiult fluxed again, ftriking out from every 
torm of this alio, the fluxion of ^ if the laft ex- 
preffion drawn into j^being equated lo « 
there will be produced an equation from which 
. will be found the values of the coefficients of ikn 
tenns in the aflumed value of «• 

But in the particular cafe When z is always ^ 

nptliuig» or thp c:!i.Uados a right horizontal line^ 

adif-^ 
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a different and eaiier procels obtains, as in this 
ibll6wing example* 



•E X A M ^ X« B. 

• • • • 

* 

To find an of equilibriitton whofe exhadoi' 
' Jhall be a horizontal line. 



K • 




^Making the notation as in the ptopofltion. We 
have ? a o,. and therefore a .4- « — ^ x the 



jfiuxion of -r« 

y ....... 

Now affume 7=^5 then ? = and ^ X 

flnxof^s^^; thatis, tf + ;vsx.^^; hence 

ax-jrxxss^v. Then, by taking the fluentSy we 
liaye2a;f+;v»s^«^ hence v ^^l^fL^^^ 

and 
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and confequently = (- =) ■• > ■ Tliert 

the fluent of this is ;^ = x hyp. log. of 
2 a •¥ 2x + 2 ^2 ax + XX ; but when = o, 

this is ^ X hyp. log. of a <J ; therefore the 

corred fluent is 7 = x hyp. log. of 

a X + y/2 ax -Jr XX 

A ..... 

. Or the .fluent might be otherwife found thus* 



• • •# 



The equation <r + * = — x fup- 

y 

• 

^x 

pofing y confliant, becomes j + = -rp, or 

^77* + A*^*^ = ; multiply by .v, and then 

axy* + xxy* = ^x ; and hence, by taking the 

4 • ' 

fluents, 2axy* + x*y* = ^x* ; confequently 

^x* • 
y« = • ^ , or V = , . And then 

2ax + xx Jiax-k-xx 
the reft will be as above. 

Now the value of ^wUl be found by writing 
in this equation fome particular correfpondent 
known values of x and y : thus when P arrives 
atQ, then x = DQj= r, and _y = QA = thefe 

being fublUtuted for them, we have h ^ S2 "A 

hyp. 
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Jjjp, log. or : — — , and confe- 



^aendy ^ = 



• , r \/ 2 a r + rr 
hyp. log. or a + r -i — — ^ 

Wherefore the general value of y tlius, y ^ 
hyp. log. 

if X : 



hyp. log. 



a 



Hence, when is = the curve D C is the 
catenaiy ; and in general the ordinate is every- 
where to the corrdponding ordinate of the cate- 
nary whofe tenfion at the vertex is ^ , as i& is 

to a X hyp- log. oi^^^^s/^^^^tZL. 



If X were deiired in terms of it would 
be thus. Put J ss the hyp. log. of and D 

Bs X h>'p. log. of — 5 thca 

Dy A = hyp. log. of ^ + * + + xx : 

Again, put JV'rr the number whofe hyp. log. is 
Dy + A', t hen N = 4 + iV + v^IiajT+T^ i and 

hence x = — ner^j or « + 4? =5 KP = . 

By taking AC^=: h =s 50, and D(^=: > = 
40, alio DK s a zs 6. Then the hvp. bg, 

G ' of. 



I 
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M = the hyp, log. of 

46 + 44/120^ 

3 i — a. s: the hyp. log. of 15' 26 784 =s 

2*7257487; by which dividing i& = 50, the quo- 
tient is i8'343584. So th:it the ordinate _y will 
be conftantly in that caie equal to 18*343584 

X tiie hyp. log. of ^ . Alio 

^8^43584 ^ = ^» =.hyp. 

log. of 6 = 1*79175945 then ^ssthe number 
whofe hyp. log, is 1*7917594 + -0545 1497^, 
And then by aiTunung feveral values of one of 

the letters a-, the conxfixindinG^ vahies of the 
other ivill be found from -one oi th^ two equa- 
tions above. 

And in this manner were calculated the num- 
bers in the followino: table : from which the 
curve being conlh^ucted, it will be as appears in 
the figure to the example.—" — And thus we have 
an arch in equilibrium in all its parts, and its 
top a llrciglit line, as is generally required ia 
moft bridges j or at leaft they are fo near a ho- 
rizontal line, that their difference from it will 
caufe no fenfible ill coniequence. It is aUb both 
buih ()f a gr aceful figure, and of a convenient 
form tor the pailage through it« So that there 
can be no good reafon for neglecting to ufe it 
in works of any confequence. 
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The Table for Qmftrufiing the Curve in this 

Example. 



Value ot 
KI 


V alue of 
IC 




Val.of 
KI 


Value ot 
IC 




Val of 
KI 


Value 01 
IC 


0 


O'OOO 




2 I 


I 0* 30 I 




36 


2 1*774 


2 


6-035 




2 2 


i 0 0 >) 0 




37 


2 2' 94^ 


4 


6-144 




23 


i 1 




3^ 


24' I 90 


6 


" 5'^4 






I I'O I I 






'» C CO c 


0 


6-580 




25 


12*489 






2 6-8 04 


10 


6-914 




26 


T 3* 106 




41 


28364 


12 


7-330 




27 


13-761 




42 


29-919 




7-571 




28 


H-457 




43 


3i'5<^3 


H 


7-834 




29 


15*196 




44 




IS 


8*120 




30 


15*980 




45 


35M35 


16 


8-430 




31 


i6-8ii 




46 


37-075 


17 


8*766 




32 


17-693 




47 


39-126 


18 


9-168 




33 


18-627 




48 


41*293 




9-517 




34 j 


19-517 




49 


43-581 


20 1 


9*934 1 




35 1 


20*665 




5^ 


46*000 



Tte above numbers may be feet or any other 
lengths of which DC^is 40 and QA is 50. But 
when DQ^is to QA in any other proportion 

than that of 4 to 5, or when DK is not to 
DQ^as 6 to 40 or 3 to 20; then the above 
numbers will not anfwer ; but others muil be 
found by the £une rule, to confirud the curve 
by. 

In the bccrinnincr of the table, as far as 12, 
the value oi; KI is made to differ by 2^ becaufe 

the 
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the value of XC ia tiat part increaies fo very 
ilowly. 

Other examples of given extrados miglit be 
taken ; but as there can fcarcely ever be any 
real occafion for them, and as the trouble of 
calculation would be, in moil caies, extremely 
great, they are omitted* 



SEC- 




t 
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SECTION UL 
Of the Piert. 

Proposition VI. 

To Jind the diftance QM of the center ^ 
gravity of the gvuen circular arc AD, from 
D Qljhe verfcd/m of the faid arc, QA beii^- 
its right fine. 

Solution, 

Put r = the radius, z = 
any arc DR, and x^its fine 
T R or qs. 

Theiv, by mechanics, the S ^ 
force of a particle z of the curve placed at R 
isTKxz:sxi; and the force of all the par- 
ticles will be equal to the fluent of jrij which 
mull be equal to QM drawn into the whole 
line that is, x z = the fluent of xz, or 
<^ = J ^ fl^CJit of And this is a ge- 

ncncnl theorem, whether 2^ be a Hne, fuiface, 
or folid ; fuppoiiiig the two former to be aSec^ed 
with gravity. 

Now, 
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NoWy by the nature of the circle, i s 
■ . • 

; and therefore xz = 



the corre^ £uent of which is r x r — \/ rr — xx. 
Coofcquently QM is = r x ^'^^ ~ 
which, when ;if = QA, and 2 = the arc AD, 

becomes Q^i = r x = 
tance from D (^required. 



Or, fince r — — QA* is = QD, the fame 
diftance C^M will be expreffed by r x ^^^j^ • 

Or, lafily, fincc r x QD is half the fquare 

of the chord AD, the fame diftance C^jVI will 

, ^ AD* AO* +QD» 
be equal to or 

^ Corollary. 

When ARD is a quadrant, then AQ^= QD 
= r, and the rule is C^M = = .-^g^ 

^)^~~g* Or qM =^Jr nearly, or. a tV 
extremely near* 

{P&opo- 
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Proposition VII. 

The figure being the fame as in the laft 
propofttion, in is required to find the diftanee 
Qm of the center of grmity of the arc ARD 
from the fine AQ^ 

Solution. 



As in the laft propofition, wSi beas 
X the fluent of SR X AR« 

But, putting z=sAR, =qS = RT, r = the 
radius, h = DQ, and / = OA, we fluU have 

i = A R = - .""^"^ ■ , and SR = i6-.r + 

. r — h 

y/rr — 9(x J hence SR x AR = x 

vrr — 9ts9 

r A- — rx — h-^r.z^rxy the corred fluent of 
which is A — r«2r + s '^x*r. 



Confequently is s i& ~ r 4* 



r =s 



AS 

A — r + — - .r And when R anives at D, it 
as * + "^-^ 

* Or, 



Or. iince r b 9 y ^ the lame di 

^ n f hh — ss hh + s s s , 
(^m will be = — j2 — + — ^ — where 

^ ii the whole aic ARD. 

Corollarym 

When ARD is a qoadiant, then b and / are 
each = and the rule is theiame as in the 
^oroBaiy to the lafl; 



P JIOPO* 
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pROPosiTioK yin. 

To find the ^fiance QM of the center of 

gravity of the fpace AlKDSA frofn KQj 
Juppqfing DA to be a circular arc uubofe fine 
is ACl, its n^effed fine QD, md AI, IK, pa^ 
rallel to DQ^ QA ref^cciively. , 

Sohauau 



Draw R S, S T parallel to D CJA. And put 

«=:DK, r=:VD = yVi; 

tiie radius of the circle, I R K, 

;v z:: TS = KR, and z= i 
the area DSKK* r 



Then, as in {irop. 6, 
we lhali have QM s i 

X the fluent of xz. 















1 




: /AM i 



D 
T 

m 



But is = RS X ;f, and RS = K.D + DT = 
+ r — v'rr — xx. Confeqilently. xz is = RS 

X XX =i axx + r^;v — xx^tr-- xx ; the cor- 

rea fluent of which is . x' ^iLzEEI^^ 



H 



Wherefore 



^0 lie F&iKciPL£s ef Bhidges. 
Wherefore QM is =; ^i^. v 

^ 2 2 



3Z 



^JTT.TS* - 2TD.r-TD]* r*-y* 
.-2 — or = ^ . m 

- putting i» = VK and ^ =i VT. 

3 

And when SR arrives at A I, then QM is 

— » putting A for the whole fpace 

AIKDW, 

Corollary i. 

Wh£N da is a quadrant ; then the fpace 
AIKDSA or AIKQ^ ASDQ^is s r - 
•7854^^ = a — •2i46r x r, and QA = QD = r. 

Wherefore, in that cafe, QM = X i*" 

= 3^ + 



3a+*6438r 



Or QM IS ss-2 — X ir = -2 — --^ X jr 

nearly* 



Googy 
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nearly. Or, rather, it is = ^^^l^^ X 
42tf i^ r ^ extremely near. 

Corollary 2. 

When « is nqthing, tiicn (AD being a <jua- 
diant) is = "^gy^ • Or it is |r very nearly. 

And when an ^ Jr, then QM is = ^.^^^^ • 
Or very nearly. 

Lafily, when ^ =5 jjr, which is nearly the 
proportion in pretty laige arches ; then is 

« 

3s -p^^' Or f r very neady. 

Proposition IX, 

T<5 find the diftance of the center of gravity 
<^ the Space klDSA from the fine QA of the 
circular arc ASD; lohere ki is perpendicular 
fa Q^Ak, and the refl of the fines as in the 
laft fsure. 

Sobttim, 

Put a = k A, s =5 AQ^, m ^ k<^s ii 4- J, r s 

VW = VD the radius, z — any variable fpace 
krSA, and x = TS the fine of the arc SD^ 
Ajib 4 ^ the fface kiDS A. 

H 4 Thca 



'Til liliHiliiii. , 
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Then rS = m — .v, and, by the circle, VT 
5= V^rr — XX ; hence z = rS x VT = ^ ^ 



XX 



X — xx; confequently YTxz^fn — xX — xx^ 

j» 

the correcl fluent of which is x m 



s' - 



. Wherefore the diftance from VW 



is Vm = X m for the general 

2z 32? ^ 

fpace krSA. 

And when S arrives at D, is = o j and then 
Vmis-^-.^- xj- 

X j« = 3kA + A^^ ^ the diftance of 

6kiDSA ^ 

the center of gravity from VW. 

Corollary, ... 

When A coincides with PT, or the arc a qua- 
drant, then / is = r 5 and the rule becomes as 
in Corollary i to the laft. Alfo the 2d Corollary 
to that may be underftood here, making the 
fame fuppolitions as in it. 

Scholium. 

The four preceding propofitions are premifed 
as neceflaiy to the examples to the following 
general one, which determines the thicknefs of 

the 
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the piers ncceflary to relift the fpread or fhoot of 
any given aich, and that whether the whole or 
part or none of it b immeded in water. In- 
ftances only of circular area are here given; 
becauie that in determining the drift of the 
arch, whatever its curve may be, it will make 
IttUe or .no difference by fuppofing it to be 
circular. 

Proposition X. 

« 

To find the thicknefs of the piers of an 
urcbt necejfary to keep the arch in equilibrium^ 
. or /d refift its fhoot or drift ; independent ef 
0nj gtber ,arghes.. 




• > 

Solution. 

Let IKDA be the half arch, and IHGL 
tihe pier to fupport it, moveable about the point 
aud bifeaed by the perpendicular £F. 

Through 



I 
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Through the center of gravity of the arch 
AIKD draw MN peipendicular jLo AQ^the 
feaufpan, and meeting DN drawn parallel to 
AO in N* Apd cpotmu^ to meet GH 

Put ^ = BK, )& = D(^=MN, r = AM, A 
the area or fcction AIKD of the arch, J= AL 

breadth of the pier, 

• k * < « « 

Now (by prop, 63 Emer. Mcchan.) the weight 
of the arch is to jts preffure in the dire^on 

AB, as NM is to MA^ hence h i c :i J 

zr tlic force or fhoot of the arch in the direcHon 
AB^ whi^h being dr^wn into the length of the 

c dA 

lever BG = J, we have -j— - for the effica- 
cious force of the arch to overfet the pier, or 
to turn it about the point G. Again, ex is zz 
the area of the fcclion of the pier ; which being 
f|ippofed to be coUe^l^d into the middle line 
£F, it may be confidered as a weight appended 
to the end E of the lever EG ; thercfoie 
ex X EG = ^exx will be the cfllcacious force 
of the pier to prevent it^ being overturned. 
And that the arch and pier may be juft kept 
in equilibrium^ we mvA make the rorce and 
refifiance ecjual to each other, that is ^exx 
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= i^^. Hence then * =s ^^l^ = 

ygAMxALx^ ^ breadth or thick- 

^ D(^x EF 

nels of the pier requiicd. 

In the above ipveftigation it is fuppofed that 
the whole of the pier was out of water : But 

if any part of it O L be fuppofed to be im- 
merfed in water, that part wiii kjic 10 much of 
its weight as is equal to its bulk of water ; and 
fince the fpecific gravity of water is to that of 
common ftone, as i is to 24, or as 2 to 5, it is 
evident that OL will loic 2 paits in 5 of its 
weight. Hence then, putting ^ = OG, fincc 
OGxGLs:^* is the area immerfed, there* 
fore jgpt ^ the weight loft by the immerlion; 
whieh being taken from ex the whole, we fhall 
have ex — jgx as the weight remaining ap- 
pended to E ; then this being drawn into GE 
ss and the produd equated to the efficacious 
force of die arch as before, we have ^exM-^ 

cdA , , / locdA 

igxx = — T- ; and hence = v — 



for the thicknefe of the pier when it is im- 
merfed in water to the l\eight expreffed by g» 
— ^Or, becaufe g will be nearly equal to 

the theorem for the thickncfs may be ;if :5. 
/ \ocdA _ / 10 AM X AL x A 
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f 

Corollary i. 

TTOlieii D A is a quadrant, the arch is a com- 
plete femidrde ; and then ^6 is ssi"^ =s a^^-h^ 
X r as in Cor. i to prop. 8, and by the iame 

CoroHaiy c or r — QM is =s r — "^^rj. ^ ^ 

= ^^^^ X t''- Confequently Cil is = ja + ^r 
X irr. 

This value being fubfiituted in the two pre* 
ceding theorems, we have ;v » ^or^ 21^+ 

J ^ 31 

_ / dr 21 g + 2r 

a + r4'a 21 

the pier when it it is dry. Or, if n exprefi 

what part a is of or I>K = ^th of DQjor 

the lame tbicknels wiU be r ^/^ ^ ^"^^^ 

21 r + r + <^.j» 



AQj*- Al^+ AL.ir 

And the thicknefi when AL is under water 
wia be # a ^/ l'^"^ zia + ar _ 
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51 



dr 



2ia^ 2r 

21 



^ IL-f AL ^ ai ' * 

&: - as before^ the &me thicknds vnll ht 



rv — X 



21 +211 



2i r + r-t-jii.« 



AL X 



2 1 H- 2 n 



A(^+AQ + fAL,« 



When HG is = BG in the laft £gurej thea 
the arch and pier 
iKTiU be as in this an- 
liexed figure. And, 
e being then=^/, the 
two general theo* 
reins will become 




/lA X AM 
dry, and * = 



for the thicknefi of the pier when 



thicknefs when undci^ water. 



1^ 



So that, in this cafe, it makes no difiere&ce 
whatever height LA the pier is to the fpringing 

I o£ 
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of the arch. For though the drift of the ardi 

be increafed with the length of the lever or 
height of the pier, the weight of the pier itfelf, 
which ads againil ity ift aifo incrca&d in the 
£une proportioQ. 

Scholium. 

In the inveftigation of this propofition, the 
fefHons of the arch and pier are ufed fee their 
Iblidities,' as being evid^tly iti the iame pro- 
portion, or in that of their weights, fince they 

are of the fame length, viz. the breadth of the 
bridge* 

By the above rules, together with thoie in tho 
four preceding prqpofitions, the neceflary thick- 
nefi of a pier may be found, fo that it fhall 
ju/t balance the fpread or fhoot of the arch, 
independent of any other arch on the other fide 
of the pier, ^ut the v^reight of the pier ought 
a little to preponderate againft or exceed in ef- 
feA the (hoot of the axch ; and therefoiv the 
thicknefs ought to be taken a Ktde more than 
what will be found by thefe rules ; unlefs it 
be fuppofed that the pointed projedions of the 
piers againft the flream, beyond the common 
breadth of the bridge, wiD be a fuffident addi* 
lion to the pier, to give it the necelTaiy pre- 

ponderancy. But there is one very material 

thing, on account -of which the thicknefs of the 
piers may be much diminiflicd i via. by the 

flones 
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ibnoB of th9 ib^ivt die youlRttrS' being 
bonded in ^th thofe of the pier and witb 

one another, the pier will carry part of their 
weight ; which will not only dinuoifh the weight 
pf the whole arch and waU, but will alfo both 
add the fame to the weight of the pier, and 
lengthen the lever EG, by moving the center 
of gravity a little nearer to L ; but then alfo 
M will be a little nearer to fo that AM 
\te longer^ and the effeds of the change of th^ 
tenters of gravity may be fbppo&d nearly to 
balance each other, ■ In the foregoing propo- 
iitions I have confidered drcular arches only, aa 
it will make no difference of any confequence, 
to fiippofe the arches of any other curve of the 
fame ipan and pitch, ftut this loth prop, is 
general for ^ curve$^ 

I fbaJU ncm add a f^w examples of Ihe cal» 
ciilation in numbers* to (hew the manner, and 

in them alfo to ^ix^K out^ tbq eaifi^ methods gf 
calctilatioa« 

♦ » - • 

Supposing the arch in the figure to the pro- 
pofition to be a femiard^ whole height or pkch 
1$ 45 feet, 2fid confequentiy its fpan 90 feet; 

alfo fuppofe the thkknels DK fit top to be, 

4 feet, and the height LA to the fpringing 18 ; 

and kt it be required to find the thidaitffi GI^ 
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of the pier nccd&ry to refift the dxift of thp 
irch. X 

This will be immediately found by Cor. i, in 
te» 7*. 

Th en the firft exp^on AC^x 

X Ai-i ^Ia-'^t7 — will bccomc-pii^^ 
21 Aq+A9j4-AL.;i v/2415 

s 10*988, or II feet nearly for the tfaidqiffi fi^ 
the pier "vhen dry. 

And thg htter expreiSofi A Q^x 

V'AL 2 1 -f 2 . 54© 

V — - X — T — wiligive ■ ^ I 

= Ti*^i fleet for the thickuefs when i8 f^et ai^ 
under vvatiir, 

r 

.... 

£ X A M P t 13 St 

la the fame figure, fuppofe the fpan to be 
100 feet, the height 40 feet ; alfo the thicknefa 

at top 6 feet, and the height of the pier to th^ 

j^jringer 18 f^^t as b^foret > 

. ... 
Here the figure either is or may be confi- 

dered as a fcheme arch, or the fegment of a 

drcle, in which the verfed fine is = 40, 
and the right fine OA = ^o^ ^Ifo = 6, AL 
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Now, by the nature, of the circle, the lading 

hence VQjs 51 J — 40 = 1 1^^ ; and the area of 
the fenoi-fegment ADQ^will be found to be 
1490*9998, or 1491 nearly; which being taken 
from the reaangle AIK(^= AC^x QK =5 

50 X 46 = 230O5 there remains 809 = A the 
AlKD. Then, Iqf prop. 8, QM wiU be 

fcs --a — ^ X VK < S3 

^yzs* - 11-25* ^ ^.^ 51*25^ ~ ii'2S\ .^ 

2 X 809 ^ ^^"^ 3 X 809 

53*58 } and confcqiientiy MA a A<^— 
50-33-58 s: 16-41. 

■ * 

:_ Then, thf^lirft fxprcfSoQ yi^^-^^-Mx^ 

ym bec«ne ^^'^^^^^ = i ^-ej, or 
1 34 feet neaify =lhe thicknefs of the pier wbai 



« * 

And die latta: expreffipii 



ioALxAMx-4 



Dqx5EF;-2At 

.„ . /180 X 16*42 X 800 '^^ • 
Yrill gi*re V ^ = H*5o8, or 144 

40 X 320 — 36 - ^ 

jfeet nearly s the thickneis whfu |8 feet are 
itider water. , — : ' : 
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Let die an:h be the gothic kM, as ia 
the aahexed figure; in which DA is a dittibr 

arc whofe center is V, its fine D 50 = the 
height of thq arch, its verfed fine A 40 = 
the fcmi-fpaii, the thickneis at top DK =s 6^.mi 
the height Ah of the pier ta tfie-fpn^g as ig 
as before. 



> • « 



Here the radius VA = 51^ as in the laft ex- 
ample, and the femi-fegment ADC^= 1491, 
alfo the fame as in th^ laft example ; then the 
fe£ia]igie J(^is * AQ^x QK = 40 x 56 =: 22405 
from which taking the femi-fegment, there re- 
mains 749 = J for the; area AlKD. Then, hj 

prop, 9, VM will be ^ual tQ ^ ' ^^5 j ^ 
BB ^ = Sr^i - 37-83 = i3-4a, 

Thca 
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Then the firft cxprcflton v — Dq^xIL " 

^.11 become ^ ^^''^^^i^^''^^ = Jr88p, or 

nearly to feel far the thkkneft of tlie pier tt^Mil 

wiicn it is all out of water. 

. , , , /loALxMAx^ ^ 

And the latter one v rrr: — ^7 will 

DQx 5lL~2AL 

/180 X 12-42 X 809 _ \- 
give \^ ^ ^ ss io»409, or lof 

^0x370-36 
nearly = the thicknds when 18 feek axe niukr 

water. * , . 

j> - - - 

When the arch ftones only are hid, and the 

pier built no higher than the fpring, it will ap- 
pear as in the figure to corollary 2. And then 
if, in the firil caie, the arch be a complete 
iemiciitle whoft diameter is 90 feet,, aad tke 
thicknefi everywhere DK ss AS =a d feet : It 
is required to find the breadth of the pieis. 

The bounding arcs bang quadrants, the area 
ADKS ^ be :^^±H X DK = 22jLi3* 

2 2 

X X <^ =: T44 X V = 452*4 - A. Now if 
TW be another concentric quadrant bifeding 
the area ADKS, the center of gmity of T W 

may 



may be taken for that of the faid area. And 
then^ by the corollary to prop, ^, will be 
= ttQT ; but fincc the quadrants <y>A, QT W, 

Q^KS arc in arithmetic progrellion, the Iquiies 
ot their fcmidiaineters QK will be iii 

the iaqoe progreifion, that is aQT* s QD' 

qK-. or qr = y2.P'^<l^^' = ydil±ii: 

ss 48*094 ; hence then ()jVf = QT is = 
X 48*0^4 = 30*605, and coniequently MA =3 

Then the former of the t^vo expreflions iii 

corollary 2 to this propuiition> will give G L oir 

/i A X A M /904'S X I4'4 * , 
V — = V ^ ^ ^ ^ = 17-016, <x 

17 feet for Uic thickneJi of the pier when out 
of water. « 

^ . , . /i^A X AM .„ , 

And the latter one v - — wjH .be- 
come 4524 ^^"^^ a « i*97> acariy w feet 

for the thickneft when the pier is immerfed in 
water. ■ 

SchoUum^ 

** 

Ok, bccaufe QT is nearly an arithmetic mean 
between qp and QK, half the fum of QD 
and might have been yfed inftead of it, 

witfaMit . 
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without caiiliog any £eiifiUe difierence in the 
condniion* 

We might alfo exhibit general theorems for 
the thkkneis, in terms 6f the radius only. 

For, taking qj or qw = ^ ^ ^\ by the 
conJlary to prop. 6 we have QM = ttQW 
ss -h QK ^ thence AM = ^ = 

Alfo J = X DK = 9R±^l V DK 

a g^P>DK ^ ,,DK. Then thefe values 
H 

being fobfiitated in die expreffion 

we <hall iuve yx6(^D'-6qD>cDK^ rPK' 

I4QP 

X DK for the thicknefs of the pier when dry; 
and the fame exprefHon multiplied by will 
give the thicknefii when the pier is immerfed in 
water. And, farther, if DK be afliimed equal 

to any part of D as D K = n X D Qj then 
the thickneis in the former cafe will be x 

y/ >^ ^ tlie latter QD x 

K Then 
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Then, by affuming feveral values of n from 
tV to which are beyond the limits of it, the 
feveral breadths of the piers correfponding to 

the fcvcral values of the thicknefs of the arch^ 
both when the pier is fuppofed to be out of 
water, and immcrfed in it, will be found from 
thefc expreliions as in the following table j 

where the fractional part ~ or — is alio given» 

bccaufc it is the moll commoa proportion. 

A Table of the Breadth or Thicknefs of a Piet 
anfivering^ to the feveral thicknejfes of 
femiclrcnlar arch, as in the foregoing eX" 
ample^ QD being the radius or femvfpan* 



\ For the pier dry 


• 


For the pier in water 


1 Thicknefs 


Thicknefc 




rhicknels 


Thicknels 


of the arch 


of the pier 




of the arch 


of the pier 




•3689P 






•427^1) 

•449 9P 

•475 




•379QI) 






•488 qp 




•391QP 

•420 C^D 

•455 




. (y3 


.505(^0 

•542 C>D 

•588qp . 



Ex- 



1 
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Example 5. 

But fuppofing the lame figure in Cor. 2 to 
be a circular fegment, whofe chord or fpan is 
rdo feet, and height 40 feet, alfo the tbickiiefe 
6f the arch 6 feet: To find the thicknefs of the 
piers. 

Here the radius of the middle arc TW is 

is an arc of 78* 6^ and its length will be 
73*8293 y which being multiplied by DK = AS 
6, we have A = 442'9758» Then, by prop. 6, 

QM wiU be found = 5^'-^ 4^* ^ 

And conlequeatl}^ AM ?= 50 ^ 31*545 = i8'455» 

Hence, by Cor. 2, it vill be ^id^^ s 
of the pier when dry, 

■ 

And y /^Q^x^^ - ^4429*758 X ^8-455 
. 3D(^ ^ 120 

26*101 s: the thU:knef8 in water. 
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Otberwi/i* 

But if the arch be fuppofed to increafe in 
thicknefs from the top at D, where it is 6 feet, 
all the way to the fpnng, where it is AS =s 12 
feet fuppofe; the height and fpok being 40 and 
100 as before. 

Then QS = 62, (^W =r jd, and qj = 43. 
Hence the radius of the arc TW will be 

^ aC^f = 86^ 59-3452 > and 

therefore TW is an arc of 70* 40^, and its 
length = 73* 1945- Conicquently the area ADKS 

T'TTr Die + AS .,1 , 

or 1 W X will be 73*1945 X 9 Si 

^58-75 = And, by prop, qM will b« 

rr7JT945 = 34-053 5 Wi tb^«fim AM =: 
50 ^ 34-053 = 15*947. 

Hence, as above, yiiiZlilililZ- 
wiU be the Uiicknefs of the i»er when dir. 

ne& in water*' 



Seani* 



X>f the Fieri* 
Example 6. 



69 



In a gotluc arch whofe thickiiefi| at top. is ^ 
£he fpan 80, and height 50 feet ^ to ind |]ie 

thickacis of. the piers. 




By the laft example^ TW is s 73*8293, its 
radius s54/ir, and die strea ADKS = 442-9758. 
Then, by prop. 7, we have = 43 

+ ^^^if = '7'7i8 ; and hcnpe AM = 40 

— 27*718 = 12*282. 

Then, by Cor. 2, we ihall have 

X442^9758 X 12*282 - - . . - 

^ — 50 " I4*752 for the thick- 

nefs of the pier when dry. 
And y±l2055^iii!£ = ^ 



50 

thiclmffe wben m mter« 
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Alfo if the arch ftones were fuppofed t% 
lengthen all the way from the top towards the 
lower end, the calculatioa mi^ht be made ^ 
m the hft cifcamj^kf- 

Having, in thefe 2d and 3d felons, gone 
through the calculations for the form of arches, 
and the thickyift of piers; I ihall now in the 
next feAion-^ add fame inveftigations of rules 
for determining the beft form of the ends of 
the piers, with the focc^ of the wf^tpc upoa 
them, 8Xf 



« 



Seft. IV. Force of the Watery &e. yi 

SECTION IV. 

♦ ^ * 

The Force of the Water^ <^c. 

■ « 
* 

Proposition XI« 

To determine the form of the ends of a pier, 
Jo as to ntah the leqfi ref fiance to^ or be the • 
leqft Jiiijeii to the force of the fiream of 
waterm 

Solution, 

Let the following figure reprefciit a hori- 
zontal f€clion of the pier, AB its breadth^ CD 
the g^ven length or proje^on of the end, and 
ADB the line required, whether right or cur* 
ved; alfo let EF reprefent the force of a par- 
ticle of water ading on AD at F in the di« 
re<ftion parallel to the axe C D ; produce E F to 
meet AB in G, and draw the tangent FH^ 
alfo draw EH perpcndieular to FH, HI per- 
pendicular to £F, and FK perpendicular to DC. 




Now 
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Now the abfolute force EF of the particle of 
water may be refolved into the two forces EH, 
H F, and in thofe directions ; of thefe the latter 
one, ading parallel to the curve, is of no effect ; 
and the former EH is refolved into the two 
E 1, I H ; fo tliat E I is the efficacious force of 
the particle to move the pier in the dire<ftion 
of its axe or length : That is, the abfolute force 

is to the efficacious force, as EF is to EI. 

Then, fince EF is the diameter of a femicircle 
paffing through H, by the nature of the circle 
we fliaU have EF : EI : : EF* : EH* : : (by 
fimilar triangles) HF" : HI* and :: the fquare 
of the fluxion of the curve or line : the fquare 
of the fluxion of the ordinate F K, becaufe H F, 
HI are parallel to the line and ordinate. 

Wherefore, putting the abfcifla D K = at, the 
ordinate KF = ^, and the line DF = we fhall 

have as z * : y* : : i (the force EF : ) = the 

z 

force of the particle at F to move the pier in 
the direction EFG. But the number of particles 
Ihiking againft the indefinitely fmall part of the 

line, is as ^ ; this drawn into the above found 

force of each, we have ^- = . ^ . for the 

fluxion of the force, or the force ading againft 
the part z' of the line. 

^ But, 
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1 ' ... JJr 

Bot, by $he propofidon^ lihe whole , focce on 
DFA muft be at' minirtiiiift, or the fluent of 

» laiift be a miniimim ^riien dut of i» 

becomes equal to tlie confiant quantity D C ^ 

« . A* y ' 
ill which cafe it will be found that 

iauft be alWiiyd equal to a conflaDt; q;aantity a ; 
. and hence A-j^' = J X + J'*' • 

No^ in this ^ilatioo it is evident that ;r is 

to y in a conftant ratio ; but if two fluxions be 
always in a confiant ratio, their fluents y\ 
are known to be aUb in a conllant ratio, which 
is the property of a 'right line. 

wherefore 13 FA is a right line, and the end 
AD B of the pier muH be a right-lined, triangle, 
that the force of the mter 1:9011 it may b^ 
kaft poffibkb 
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. F&OPOilTION XII. 

Si deiemim ihet.refifitmce ^ the tni. ff m 

,f icr qgain^l the Jlrcam of 'water. 

Using here the figure and notation of the laft 
propoiition, by tke fame it is found that the 
ftudon of the force of the ftre^ againft the face 

DF is tJ\^ I and fince the flmdoii of the 

force ag^nft the bafc is j?, it follows that the 

foi-t^ of the i>Tc im againft the bafe A B is to 
the iorce agamU the face B, as (y) the fluent 

of y is to the fluent of — r- . That the 

abfi>h)te iFbrce x>£ the ftream is to the effica>» 
ciouS'f<Mtf agttaft.tbeiaoe of .the as its 

breadth is to double the fluent of -:r^-~r- when 
^ is equal to half the breadth. 

Corollary l* 
If the face ADB be reaihneal 

Putting DC s5 tf, CA « *, and AD ss 

rvI^T^ =-) t j as ; ; A : 7 by fimilar 

' triangles I 
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triangles ; hence ^ = -j', and. :i( = ; this he* 
ing written for it in the general expreffiop above^ 

we k^ye = ^^^Ikl = ^ 

flujdoa x}f the force im AD ; the fluent pf 
Vhichl Qr — is the force itfelf. And confe- 
quently the force pn the bafe AB is to 
that on the tri^nguW end^ as y to , or as 
ec to^tf tha( js« sis AD« tQ AC% 

' And i£ AC be equal to CD, or AD B a right 
angle, which is generally the cafe, then AD* 
= 2 AC^, aii4 theforc^ C)Q the bafigf that 0% 
the faci^5 as ? to |. 

Moreover, as the force on ADB, when ADB 
is a flight ^ngie,. is only half of the absolute 
force, ib it is evident that the fonce will be, 
more than pne-half when AD 6 is greater thaii" 

a right angle, and iels v beu it is Ids ; and alfo 
that tlie loiu^t r A D is, the Icfs the force is, it 
lldng alwa.;|^s inv«deiy ^<th^. iq^m AP* 
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Corpttaiy 2. 
.If ADB ht z laiucircle. 
The nufios AC = CD=:tf } then lax-^x^ 

hence . . becomes . 7^ s ^^JT 
^•-^J^' jy^:^' 

aa^yy ^ 

X ^; the fluent of idiich is ^^^^y? x y ; and 
Aerefore the force on the bafe is to the force 
pri the circular end, as y is to ^ - ^"^ Xy* ot 
as tp i^a — yj'jf, or as laa to jaa — 

And when m ^ AC, the |iroportion' be-* 
oomes th^ of 3 to 8. ^ 

So that only one-third of the abfohite force 
if taken off by makiag the end ^ iemicirde. 

Oafpllary 3. 

When the face .ADB Is a parabola. 

Then, the notation being as before, viz. DC- 
^ a, and AC = ^, we have a : bb i-m if : yy\ 

which being 

wriuei} 



i, in Proportion to the 
in its FaiTage. 



7-Btlis . 



Parts. 



F. L Pts. 
I 4 *728 



Stages 
of 

Accumulation 



Floods 



U : 5 ^ '9 



^6 



r 



80 
O 



t t 



1434 10 •31 



50 



I 12 



Pie 



lers 



140 
Arches 1 60 



?Unifbnn 
5 Tenors. 

7 Ordinary 
C Floods. 



r Extnordinsrj 
r Floodi. 



Torreott abo^e 

tlOQS. 



ConftFudion 

of an ancient 
bridge of 3 or 
move Aiclies. 



Refiftance 

5-iBth8 



Rife Water 



F. L Pts. 
o o '320 



o I '28 



o 2 *88i 



o 5 •119 



o 8 '003 



o II ■ ^25 



Piers 50 
River iBo 



led to rife abov« its aatiiial level, 
>a{ra|^; tkdftfyH tHeftt numbers 

arde height the fldod. 

conftmftioft. Hid la ill ftstcs of a 
dTSntagtt of bridges of a fufficicnt 
ridg^ is ncflwij in the 6th predica- 
lb the T1uuMS» with a velocity of 
of t'$ f. per fecood, to only 



lathisnoft 
commoomode 

feldom fuffici- 
ent in a flood, 
the water foon 
encroaclie? on 
the arches, and 
changes the 
predicamcat. 



This table to face page 77* 




Digitized by Google 



§cd, IV- ' ' Force of the Water ^ ire. 77 
written in the general ex|XFeffion, the fluent of 

hb 

it becomes the circular arc wbofe radius is ^ 

and tangent y\ and-fo the abiblute force is to 
the force on the parabdic endy as jr tot the arc 

* bb 
^ofe tangent is y and radius — f that is^ as 

jthe tangent of an arc is to the arc itfelf, the ra* 

b b 

dius being to the tangent as 2 to — , And when 

y = Z', the ratio of the tangent to radius, is that 
h 

pf 2 jto — ; pr tl^at of 2 to f when DC ^ CA* 

In which cafe the whole foFce is to the forcff 
on the parabolic end, as the tangent is to die 

arc of which the tangent is double the radius ; 
that is, as the tangent of 63* 26' 4' to the arc 
of theiame, or as 2 to 1*107 14 j wliichisaleis 
force than on the dicle, bat greater than on the 
triangle. 

And fo on for other curves ; in which it will 
be found that the nearer they approach to right 
Enesy the ie& the force will be, and that it iii 
leaft of all in the triangle, in which it is one-half 

pf tlie whole abioiutc force when right-angled. 

' The annexed folding-out iheet fiiews at one 
view the fife, of the water under the arches 
asifing from its obftru^wi by the picr^, accord* 

, ing to feveial ratci> of velocity, &c. 
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SECTION V, 

0/ tb§ Term or Names qf the various parts 
feculiar to a Bri^e^ and the Macbineti 

ufed (ikoi4 it j dij^oftd hi al^hal)0ica\ 
order f 

# • 

its phce bdow. 

Arch, an opening of a bridge, through or 
tinder which the water, Bcc* p^iTes, ami wjiicli 

Arches tre denominated circular, elliptical* 

cycloidal, catenarian, &:c, according to the figure 
of the .^urv^ pf them. Thcr^ are alfp othcx 
d^ominatkms of ciixnilar arches according to 
the di&r^t ports of a circle : So» a femkirculae 
arch is half the circle ; a fchemc or fkeen arch 
is afegriient lefs than the fcniicirde; and arches 
of th^ tiiird and fourth point» or gothic arches, 
confift 0f two circbtar arcs, cxc^tdc and meet-* 
ing in an angle at top, each b^g 1-34 or ir^th, 
&c* of th^ \vhok Ciide. 

The diief proper^es of the mA ^onfidcrable 
trbhes, with regard to the extrados they re- 

quire, &c. may be learned from the fecond fee- 

tion* It there ajj^^eanf that noa^^ but the atxJs 
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of equilibration ia the example to prop. Sy cun 
admit of i horuKintal line at top ; ^at this arch 
is not only of a graceful but of a convenient 

form, as it may be made higher or lower at 
plc^afure with the fame opening ; that it, but 
ho other, vnth a horizontal top, can be equally 
firong in all its parts, aind therefore ouglit td 
be ufed in all Works of much confequence. All 
the other arches require tops that are curved 
either upward or downward, fome more and fome 
le& : Of thefe the elliptical arch feems to be the 
fitteft to be fubftituted mftead of the equilibria] 
one with any tolerable degiee of propriety j it 
is in general alfo the beft form for moft bridges^ 
as it can be made of any height to the fame 
^pan, or of any fpan-.to the £une height, "wfail^ 
at "thefamtt timtJ its hanches'^are Efficiently ele- 
vated above tlie water, even when it is pretty 
flat at top ; which is a property of which the 
dther curves are not poflefied in the £uhe d^ 
gi ee; and thia( property is the more valuable^ 
b^ulb it is- restharked that after an ^aii:h is 
built and the centering ftmck, it fettles more 
about the hanches than the other parts, by 
which other curves are reduced near to a ftreight 
line at tfae^ hanches. Elliptical arches alfo look 
bolder, are really ftronger, and ^require lefs ma>^ 
terials and labour than the others. Of the other 
curves, the cycioidal arch is next in quality to 
tihte dlipdcal ene^ for all the above properties* 
And, b^y; fibe ciivle. A» to Wt others, the 

para* 
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parabola, hyperbola, and catenary, they may 
not at all be admitted in bridges of feveral 
arches ^ but may in fome cafes be ufed for 2l 
bridge of one iingle arcb which is to rife very 
high, becaufe then not much loadect at the 
lianchcs. We may licncc alio perceive the fal- 
lity of thofe arguments which affert, that be- 
caufe the catenarian curve fupports irfclf equally 
in all its parts^ it will tberrfore beft fupport 
any additional weight laid upon it s for the 
additional building made to raife the bridge to 
a hoxizoutai line, or nearly £uch, by prciling 
more in one part thali another^ muft f<Mnce thofe, 
parts down, and the whole muft fall. Whereas 
other curves will not fupport themfelves at all 
without fome additional parts built above them, 
to balance themt or to reduce their parts to aa 
equiUbrium. 

AitcHivoLT, the curve or line formed by 
the upper Mes of the voulToirs or arch flones. 
It is parallel to the intrados or underfide of the 
arcb when the > vouflbirs are all of the fiane 
kngth^ otherwife.not* 

By the archivolt is alfo fometimes uadedlood 
^le whole fet of vouflbirsf 

Banquet, the raifed foot path at the fides 
of the bridge next the parapet. This ought to 
be allowed in all bridges of any coniiderablis 



fize : it fliould be raifed about a foot above the 
middle or horfc paffage, made 3, 4, 5, 6, 7, Sec. 
ieet broaA according to the iize of the bridge, 
and paved with large ftones whoie length m 
equal to the breadth of* the walk* 

Battard eau, or Coffkr-daniy a cafe of pi-* 
Bag, ftc. without a bottom, fixed in the bed of 
the river, water-tight or nearly fo, by which to 

lay the bottom dry for a fpace large enough to 
build the pier on. When it is hxed, its lides 
reaching above the level of the water, the water 
is pumped out of it, or drawn off by engines^ 
&c« t31 the ipace. be dry ; and it is kept 
fo by the lame means, if there are leaks which 
cannot be flopped, till the pier is built up in 
it ; and then the materials of it are drawn up 
again* 

Battardeanx are made in vaiious manners, 
either by a lingie inciolure, or by a double one, 
with clay or chalk rammed in between the two, 
to prevent the water from coming through the 
lidcb. And thefe inclofin^es are alfo made eitiier 
with piles only, driven clofe by one another, 
and fbmetimes notched or dove-tailed into each 
other or with piles grooved in the fides, driven 
in It a diftance from one another, and boards 
let dQwn between them in the giuo\eo. 

. M . The 
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The method of building in battardeaux can- 
oot well be ufed where the river is either deep 
or rapid.. It alfo requires a very good natural 
bottom of foKd earth or clay ; for, ^kliough the 
fides be made water-tight, if the bottom or bed 
of the liver be of a looie coniiilence» the water ' 

ooze up through it in too great abundance 
to be evacuated by the engines* 

It is almoft needlcfs to remark that the fides 
muii be made very ibrong, and well propt or 
braced in the infide, to prevent the ambient 
water from preffing the fides in, and forcing 
iLi way into the battardeau* 

Bridge, a work of carpentry or mafonry, 
built over a river, canal, &c* for the conve- 
niency of crofling the iame* 

A ftone bridge is an edifice fomiing a way 
over a river, &c. fupported by one arch or by 
feveral arches, and thefe again fupported by 
proper piers or butments. 

A llatcly bridge over a large river is one of. 
the moft noble and ftriking pieces of art. To 
behold huge and bold ^hes, composed of an 
immenfe quantity of finall materials, as flones» 

bricks, &;c. io dii'pofed and united together that 

they 
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they feem to form but one folid compad body, 
affbiding a iafe paflage for men and carriages 
over large waters, which with their navigation 

pafs free and eafy under them at the fame time, 
is a fight truly furprizing and aiiecling indeed. 

To the abfidutdy neceflary parts of a bridge 

ahieady mentioned, viz. the arches, piers, and 
abutments, may be added Llie paving at top, 
the parapet wall, either with or without a ba- 
luftcade, alio the banquet or raifed foot way 
on each fide, leaving a fiiiGcient breadth in the 
middle for Jioifes and caniages. The breadth 
of a bridge for a great city ihould be luch as 
to allow an eafy pafiage for three carriages and 
two horfemen a-breaft in the middle way, and 
£3r three foot piflengers in the fame manner on 
each bancjuet. And for other kis bridges a le6 
breadth. 

As a bridge is made for a way or paflage 
over a river, &c. fo it ought to be made of 
fuch a height as will be quite convenient for 
that pafiage \ but yet fo as to be coniiitcnt with 
the intereft and concerns of the river itfelf , eafily 
admitting through its arches the craf^ that navi- 
gate upon It, and ail the water even at high 
tides and Hoods. The ne^ed of this precept 
has been the ruin of many- bridges, and parti- 
cularfy that at Newcaftle, over Ae river Tyne, 
on the 1 7tli of novemher 1 771. that in de- 

M 2 tcrmiuiug 
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tcrmining its height, the conveniencies both of 
the paflage over it and under it fhould be con* 
fidered, and the height made to anfwer the beft 
for them both, obferving to make the convenient 
give place to the necejfary when their interefts 
are oppofite. 

' Bridges are generally placed in a diredioa 
perpendicular to the ftream in a direft line, to 
give free paflage to the water, &c. But fome 
think they fliould be made not in a ftreight line, 
but convex towards the flream, the better to 
refill floods, &c. And fome fuch bridges have 
been made* 

Again, a bridge fliould not be made in too 
narrow a part of a navigable river, or one fub^ 
jeft to tides or floods : becaufe the breadth be- 
ing ftill more contracted by the piers, will in- 
crcafe the depth, velocity, and fall of the water 
under the arches, and endanger the whole bridge 
and navigation. 

The number of arches of a bridge are gene* 
rally made odd ; either that the middle of the 
ftream or chief current may flow freely without 
the interruption of a pier ; or that the two halves 
of the bridge, by gradually rifing from the ends 
to the middle, may there meet in the higheft 
and largeft arch ; or elfe, for the fake of grace, 
tl^at by being open in the middle, the eye in 

^ viewing 
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viemg k nay look diredUy through there, as 
one ahviiys cipeBs to do in looking at it, and 
without which opening one generally feds ^ 

diiappointment ia viewing it, , 

If the bridge be equally high throughout, the 
arches, being all of a height, are made all of 

a fize ; which caufes a great faving of centering. 
If the bridge be higher in the middle than at the 
ends, let the arches decreafe from the middle to* 
wards each end, bat fo a» tkit each half have 
the arches exa^y alike, and that they decreafe 
in fpan, proportionally to their height, fo as to 
be ailways the lame kind of figure, and limilar 
parts of that figure : thus, if one be a femicircle, 
let the reft be fiomcirdes alfo, but pi%>pQrtionaiiy 
kis ; if one be a fegment of a circle, kt Ac 
reft: be fimilar fegments of other circles ; and 
£aF ather figures. The arches being equal at 
' equal diftances on both fides of the middle, is 
BOt only for the ftrength and beauty of Ac 
bridge, but that l3ic centering of the one half 
tnay ferve for the other alfo. But if *the bridge 
be hi^er at the ends than in the middle, the 
arches ought to increafe in fpoa and pitch bom 
the nuddk towards the ends* 

When the middle and ends are of different 
lieights, their difference however ought not to 
be great in proportion to the length, diat the 
gfcei^t may be eafy j and then alfo it is more 

beautiful 



8^ The PftiMCiPLBs 0f Budges. 

beautiful to make the top one continued curve 
tbs^ two inclined fireig^t lines from the ends 
towards the middle* 

Bridges fhould rather be of few and large 
arches than of many and fmall ones, if the 
height and fituatiaa will poflibly allow of it^ 
for this vnUl leave more free paflage for the 

water and navigation, and be a gicat laving ia 
materials and labour, as there will be fewer 
piers and centers, and the arches themiehres 
will require lefii materials. 

For « the fabric of a bridge, and the proper 
eftlmation of the expcnce, &c. there are gene- 
rally neceflary three plans, three fedions, and 
an elevation. The three plans are fo many 

horizontal fedVions, viz. the firft a plan of the 
foundation under the piers, with the pnrficular 
circumibuices attending it, whetlier of gratings, 
planks, piles. Sec, the fecond is the phm of the 
piers and archesi, &c. and the third is the plan 
' of the iuperilructure, with the paved road and 
banquet. The three fe^^ons are vertical ones; 
the. firft of them a longitudinal fedionfirom end 
to end and through the middle of the breadth ; 
the fecond a tranfverfe one, or acrofs it, and 
through the fummit of an arch ; and the thud 
alio acrofs, and taken upon a pier. The eleva- 
tion i& an orthc)graphic.pn]ge6tion of one fide or 
face of the bridge, or its appearance as viewed 

at 
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al an infinite diftance, and Ihews the exterior 
afped of the materials, and the manner in which 
they are worked and decorated. 

Other obfervations are to be feen in the firft 
fection, 

BuTMENTs, or abutments J the extremities 
of a bridge, by which it joins to or abuts upon 
the land or fides of the river, &c. Thefe muft 
be made very fecure, quite immovable, and 
more than barely fufficient to refill the drift of 
its adjacent arch. So that if there are not rocks 
or very folid banks to raife them againfi:, they 
mufl be well reinforced with proper walls or 
returns, &c. The thicknefs of them that will 
be barely fufficient to refift the Ihoot of the 
arch, may be calculated as that of a pier by 
prop. lo. 

When the foundation of a butment is raifed 
againft a floping bank of rock, gravel, or good 
folid earth, it will produce a faving of materials 
and labour, to carry the work on by returns at 
different heights, like fteps of flairs. 

* 

Caisson, a kind of cbe/l^ or flat-bottomed 
boat, in which a pier is built, then funk to the 
bed of the river, and the fides loofened and 
taken off from the bottom, by a contrivance 
for that purpofe ; the bottom of it being left 

under 
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under the pier as a foundation. It is evident^ 
therefore lhaX, the bottoms of caiffons muft be 
made very ftrong and fit for die feondatioiu^ 

of the piers. The caiflbn is kept a-float till the 
pier be built to about the height of low'^water 
mark ; and for that purpofe its fides muft eitjier 
be made of more than that height at firft, or 
elfe gradually raifed to k as it finks by the 
weight of the work, io as always to keep its 
top above water. And therefore the hdes muft 
be made very fiiong, and kept afonder by croft 
timbers within, left the great preCtire of the 
ambient water crufh the Ikies in, and fo not 
only endanger the work, but alfo drown the 
men who work within it. The caiflbn -is made 
oi the ihape of the {uer, but fome feet wider 
on every fide to make room for tiie men to 
work : the whole of the fides are of two pieces, 
both joined to the bottom quite around, and 
to each otiier at the falie^t .anglle, fp as to be 
difengaged from the bottom and from each 
otlier when the pier is raifed to the defired 
height, and funk. It is alfo convenient to have 
a little Huice made in the bottom, occafionally 
to open and ihut, to fink the cai£fon and pier 
Ipmetimes by, before it be fiqiihed, to try if it 
bottom level and rightly ; for by opening the 
lluice, the water will rufli in and fill it to the 
height of the exterior water, and the weight 
of the work ahready built will fink it 5 then by 
&Utti&g the fluice agaiii, and pumping out the 

water. 
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watei^, it ifffllr be i&aule to float s^pun, and th« 

reft of the work may be completed : but it 
muft not be funk but when tlie fides are high 
oiough to reacli above the furface of the water, 
otherlnfe it cannot be raifed and laid diy again* 
Mr. labelye telk os' that the caiflbns in which 
he built feme of the piers of Weftminfter bridge, 
contained above 150 load of £r timber of 40 
Itabn: ieet cachy and was of more tonnage or 
capacity 'tli^n a 40 gun ihip of war* 

C E N T E R s, are the timber frames creeled in 
the fpaces of the arches to turn them on, by 
building on tbem the vouffoirs of the aich. As 
ihe center fervek aa a foundation for the arch 

to be built on, when the arch is compkicd, 
that foundation is flnick from under it, to make 
way ' for the water and navigation, * and then 
the arch will ftand <tf itielf irom its curved fi« 
gure* A center muft therefore be conftrudcd 
of the exaft figure of the intended arch, convex: 
as the arch is concave, to receive it on as a 
Ihoukl. If the form be circular, the curve is' 
ftruck from a central point by a radius : if it 
be elliptical, it ought to be flruck with a dou.- 
blcd cord, palling over two pins or nails fixed: 
In the focufles, as the mathetnaticians defcribe 
tiieir effipfes ; and not by ftriking different pieced 
or arcs 6f circles frdm fevcral centers ; for thefe 
will form no elhpfe at all, but an irregular mlf- 
lliapeu curve made up of broken pieces of dif- 
*'* N ferent 



^9 Tbi Principles of B&idoes. 

ferent circular arcs : but if the arch be of any ^ 
other form, the icvcral ablclflas and ordinates 
ought to be calculated, then their coirefponding 
lengths, transferred to the centering, "wiil ^ve 
ib many points of the curve, and exafily by 
which points bending a bow of pliable matter, 
the ciuvc may be drawn by it* 

The centers are confimdied of beams, &c* of 
timber Srmly pinned and bound together, into 

one entire compact frame, covered fmooth at 
top with planks or boards to place the vouiToirs 
on, the whole fupported by offsets in the lidea 
of the piers, and by piles driven into the bed 
of the river, and capable of being raifed and 
deprefl'ed by wedges, contrived for that purpofe, 
and for taking them down when the arch is 
comjdeted* They ought alfo to be confiruded 
of a ftrength more than iuffident to bear the 
weight of the arch. 

In taking the center down $ firfl; let it down 
a little, all in a piece, by eaiSng fome of the 
wedges ; there let it reft a few hours or days 
to tiy if the arch make any efforts to fall, or 
any joints open, or ftones crufh or crack, &c* 
that the damage may be repahred before the 
center is entirely removed, which is not to be 
done till the arch ccafes to make any viiible 
courts. 
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In fome bridges the centering makes a very 
confideiable pait of the expence, and therefore 
all means of living in this article ought to be 
dolely attended to ; fiich as making few arches, 
and as nearly alike or fimilar as poilible, that 
the centering of one arch may icrve.for x)thers, 
^md at leaft that the fame center may be ufcd 
for both of each pair of exjoal arches od both 
fides of the middle. 

Chest, the iame as Caifin* 

CbFF£aDAM, the iafne as Sattardeau* 

Drift, ^boot^ or Thrujl of an arch, is the 
pufli or force which it exerts in the diredion 
of the length of the bridge. This force arifes 

from the perpendicular gravitation of the ftones 
of the arch, which, being kept from defcending 
by the form of the arch and the refiftance of 
the pier, exert their force in a lateral or hori* 
zontal direction. This force is computed in 
prop. 10, where the thicknefs of the pier is de- 
termined that is nece^lary ,to rehil it ; and is 
greater the lower <the arch is, cateris faribusm 

Elevation, the orthographic projedion of 
the front of a bridge on the vertical plane pa- 
rallel to its length. This is neceffary to fhew 
the form and dimeniions of the arches and other' 

N 2 parts 



parts as to height and breadth, and therefore 
h3L6 a piain ic ilc annexed to it to mealure the 
pails hf. k alk> ftem tk^ mantier <if 
up and decorsiting tlie fimts of the biidge. \ - 

ExTRAOOs, the exterior curvature or line 
of an arch. Is the piropofitioas of the fecond 
fcAion it is the outer or xxpper line of the wall 

above the arch ; but it often means only the 
upper or exterior curve of the vouiioirs. 

Foundations, the bottoms ^f the fners, 
&c. or the bafes on which thcjr arc built. Thcfe 

bottoms are always to be made with proje^ons, 
greater or ids according to the ijpaces on whii:h 
they are built* And according to the nature 
of the ground, depth and velocity of water, fee; 
the foundations are laid and the piers built ifter 
different manners, either in caiiflons, in hattar- 
deaux, on ililts with fterlings, &c. for the par- 
ticular methods of doing which, .fee eadi lOdcri 
it6 rcfpefiive ttnn* 

Th^ moft obvious and fimpie method of lay- 
inlg the foundations and raifii^ the piers up to 
water-mark, is to turn the river out of its cpiurfe 
above the place of the bridge, into a new 
channel cut for it near tlie place where it makes 
an elbow or turn ; then the piers are built on 
irj gro^UKl, and the Water turned into its ol4 
eDurie again, the new one being fecurely banked 

up* 
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X3Sf. Tliii ifi- certainly the beft method, when 
the new channel can be cafily and conveniend]^ 

made ; but whicli liowevei is Iddom or never 

the caie. - 

* ' *- • ■ ■ ■ • 

Another method 1$ to by -only the fpace of 
each pier dry tiU It be built, by furrounding it 
"with piles and planks driven down into the bed 
of the. river, fo clc^ together as to exciuda 
the water from cmning In ; then the water is 
pumped out ^ the inddfed fpace, the pier built 
in it, and laftly the pilfes and planks drawn up. 
This is coffer-dam work, but e\adently cannot 
be pradi&d if the bottom be of a loofe con^' 
fillence admitting thie' watet* to ooze and ipring 
up through it. * 

^ When neither Ae whdie ncn- part of the river 
6811 be eafily kid dry as above, other methods ^ 
are to be ; fucli «s to build either in caif- 
fbns or on ftilts, both which methods are de- 
laibed under their proper words j or yet by 
another method, which- hath, though feldonit 
been ibmetimes ufed, without lading the bottom 
dry, and whicli is thus : the pier is built upon 
Ibrong rafts or gratings of timber well bound 
together, and buoyed up on the furface of the 
Water by firong cables, fixed to other flotes or 
machines, till the pier is built the whole 
then gently let down to the bottom, which 
muft be noAde kvd for the purpofe. But of 

thefe 
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tbefe m^thodst that of tnulding in caiflbns is 

the beft- 

But before the pier can be built in any man- 
iier» the ground at the bottom muft be well 
iecured, and noade quite good and iaie if it be 

not fo naturally. The fpace muft be bored into 
to try the confiftence of the ground ; and if a 
good bottom of ilone, or Erm gravel, clay, Sec. 
be met with within a moderate depth below 
the bed of the river, the loofe land, &c. muft 
be removed and digged out to it, and the foun- 
dation laid on the firm bottom on a ftrong gra- 
ting or bafe of timber made much broader every 
way than the pier, that there may be the greater 
bafe to pre& on, to prevent its bemg fmk. But 
if a folid bottom cannot be found at a conve- 
nient depth to dig to, the fpace muft, then be 
driven full of ftrong piles, whofe tops muft be 
fiiwed off level fome £e^, below the bed ^ the 
water, the iaoid having been previoufly digged 
out for that purpofc ; and thun the foundation 
on a grating of timber laid on their, tops as ^ 
before. Or, when the bottom is not.good^ if ^ 
it be made level,, and a-flrong grating of tim- J 
ber; two, three, or four times as large as thef 
bafe of the pier be made, it will form a good 
bafe to build on^ its great iize preventing it 4rom 
finking. In driving the piles, begin at the mid-- 
die, and proceed outwards all the way to the- 

borders or margin ; the r^afon of wliigii is, that 
- - 
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if the outer ones were driven firft, the earth of 
the inner fpace would be thereby fo jammed 
t together, as not to allow the inner piles to be 
di^en. And befides the piles immediately under 
the piers, it is alfo very prudent to drive in a 
lingle, double, or triple row of them around and 
dc^e to the frame of the foundation, cutting 
them off a little above it, to fccurc it from 
flipping afide out of its place, and to hind Ac 
ground under the pier the firmer. For, as the 
iafety of the whole bridge depends on the ibun- 
dation, too much care cannot be ufed to have 
die bottom made quite fecore, 

5 R T T E e; the border made around the {lilts 
under a pier, being the lame with Sterling* 

Impost, is the part of the pier on which 
the feet o£ the arches ftand, or from which they 
fpring. 

KsTSToy E, the middle vouffoir, or the arch 
flone in the top or nnmediately over the center 

of the arch. The length of the keyftone, or 
thicknefs of the archivolt at top, is allowed to 
be about i- 15th or i-i6th of the fpan, by the 
beft architcAs* 

Orthography, the elevation of a bridge, 
or j&ont view as feen at an infinite diftance* 



F^KAPET) 



Parapet, the breaft wall; made on the top 
of a bridge to prevent paHe gers from £idliag 
oyer. In good bridges, to build the parapet but 
a little part of its height clofe or folid, and upon 
tliat a baluiliade u> above a xua^> height^ has 
an elegant effcd. 

P1ERS9 the walls built for the fiipport of 

the arches, and ixom which they ipiing theic 
baies« 

They ought to be built of large blocks of 

ftone, folid throughout, and cr^imped together 
with iron, which will make the whole as one 
fidid ftone. Their faces ior ends, £(onL the baic 
up to high-water mark, ought to projed lharp 
put with a faliciit angle, to divide tlic ftream. 
Or, perhaps, the bottom of the pier fiiouid be 
built flat or iquare up to about half the height 
of low-water mark, to allow a lodgment againft 
it for the £md and mud, to cover the founda* 
tion; left, by being left bare, the water fliould 
in time undermine and fo ruin or injure it. 
The beft form of the projeAion for divicUng the 
flream, is the triangle; and the longer it is, or' 
the more acute the falient angle the betcer it 
will divide it, and the lefs will tlie force of the 
water be agamft the pier ; but it may be fuffi- 
dent to make that angle a right one, as it wiB" 
make the work ftronger, and in that cafe the 

. . per- 
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perpendicukr projecHon wui be equal to Iialf the 
bmdth or thickaeis of the pier. In rivers on 
which large heavy craft navigate and pais the 
arches, it may perhaps be better to make the 
ends iemicircular ; for although it docs not di- 
vide the water fo well as the triangle» it will both 
better turn off and bear the ihock of the craft* 

The thicknefs of the piers ought to be fuch as 
win make them of weight or flrength fufficient 
to fupport their interjacent arch independent of 
any other arches. And tlien if the middle of the 
pier be run up to its full height, the centering 
may be ftruck to be ufed in another arch before 
the hanches are filled up. The whole theory of 
^e pen may be ieen in the third fedion« 

They ought to be made with a broad bottom 
on the foundation, and gradually digiiniihcd in 
^|^ ;^irtn*fg by o&ets up to low-water mark* 

The methods of laying thdr foundations, and 
building them up to the furfacc oi iLc water, 
aie given under the word soijUDATLoti. 

Piles, are timbers driven into the 'bed of 

the river for various purpolcs, and are either 
round, iquare, or Hat like planks. They may 
be of any wood which will not rot under water, 
but oak and fir are mofily ufed, d^ecially the 
latter, on account of its length, ilrei^htnefi, and 

O cheap- 
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cheapnefs. They arc Ihod with a pointed iroil 
ac the bottom, the better to penetrate into the 
ground \ and are bound with a ilrong iron band 

or ring at top, to prevent them from being fplit 
by the violent firokes of the ram by which they 
are driven down* 

Piles are either ufed to build the foundations 
on, or are driven about the pier as a border of 
defence, or to fupport the centers on ; and in 
this cafe, when the centering is removed, they 
muft cither be drawn up or fawed off very low 
under water ; but it is perhaps better to faw 
them ofF and leave tliem iHcidng in the bot- 
tom^ led the drawing of them out fliould loo£en 
the ground about the foundation of the pier« 
Thofe to build on, are either fuch as arc cut off 
by the bottom of the water, or rather a few feet 
within the bed of the river ; or elfe fuch at*e 
cut off at low'-water mark, and then they are 
called fiilts; Thofe to form borders of defence, 
arc rows driven in clofe by the frame of a 
foundation, to keep it firm ; or elfe they are 
to form' a cafe or jettee about ftiks, to keep 
withm it the ftones that are thrown in to fiS 
it up ; in this cafe, the piles arc grooved, driven 
at a little diftance from each other, and plank 
piles let into the gi coves between them, and 
driven down aUb, till the whole fpace is fur-^ 
rounded. Befides ufing this for iUlts, it is alfb 
Ibmetimes necefikry to furround a ilone pier 

' ' * with 
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with a fterling or jettee, and fill it up ^th 
ftones to fecure an iigured jmct from bein^ flill 
more damaged, and the whole budge ruined* 
* The piles to fupport the ccpters may alfo fenre 
as a border of pihng to iienifs the foundation^ 
putting them off Ipw «BPugh ^ift^ the center 
is removed 

PiL B DaivEE^ an en^ne for driving down 
the pHes. It coofiffa of a large ram of iron 
Hiding ptipendicularly down between two guide 
pofts ; which being lift up tp the top of them^ 
and there let faU from a great height^ comes 
down upon the top of the pQe with a yiolent 
bfcwr. It is worked either with men or horfes, 
and either with or without wheel work. That 
which was ufed at the building of Weftnunfier^ 
bn4ge» js perhaps tjin^ beft ever invented*. 

P1TCR9 of all arch, the perpendicular height 
from the fpring pr impoft to the ke^^toae. 

TtAWf of aiijr part, as of the foundations, 
or piers, or fupei'Anidliire, is die orthographic 

projedion of it on a ^lanc paralld to the iiu« 

xizcm. 

Vvtn^ of n ai^9 tiM: fiun^ as drifi^ ftoot^ 

-O a . Salient • 
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■ 

Salient Angle, of a pier, the projeAioa 
of die end againft Che ftream^ to diyide it. The 

right-lined angle beft divides the ftream, and 
the more acute the better for that purpole ; but 
tae right angle is generally ufed as making the 
beft mafoniy. A fcmicircular end, though ie 
does not divide the ftream fo well, is fbmetimes 
better in lari^c navigable rivers, as it carries 
t:.e craft the better, ofi, or bears their ihocks 
the better. 

Shpot, of w arch, the 6me as drift. ' 

Sf&inoehs, are the firil or ioweft ftonea 
of an arch, being thofe at its^ icfit bearing im«r 
mediately on the iippoft, 

S T E K L T K G S, Or Jeftccs, a kind of cifr mifle 
S|bput a pier ot iVilts, Sec. to fecure it, and is 
particularly defcribed under the oest word S^Uf^ 

Stilts, a fet of piles driven into the fpace 
intci^dcd for the pier, whofe tops being iawed; 
kvel pif about low-water mark, , the pier is then 
raifed on them* This method was fonperiy 
ufed when the bottom of the river could not 
bp laid dry ; and thefe ftilts >^Tre furroiincied, 
at a few feet difiance, by a row of piles ap4 
planks, &:c. clofc to them like a coffer-dam, and 
callfid a fterling or jetteej after which loofe 

^^pnesy 
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Hones, &C. are thrown or poured down into 
the /pace tiU it be filled up to the top, 
that means ibrming a kind of pier of ral^ 

ble or loofe work, and which is kept together 
by the fides or ilerhngs : this is then paved 
level at the top, and the arches turned upon 
it. This method formerly much ufed, moft 
of the large old bridges in England being c- 
refted that way, fuch as London bridge, New- 
caftle bridge, Rochefler bridge, &c* But the 
incmveniencies attending it are fo great, tHat - 
k is now quite exploded -and difiiftd : for, be* 
caufe of the loofe compofition of the piers, they 
mufi be made very large or broad, or elfe the 
arch wouki piifl| them over aad mih down as 
fixm as the center was drawn ; . which great 
breadth of piers and fterlings fo much contrads 
the paflage of the water, as not only very much 
incommodes th^ n^vi^ation through the arcb^ 
fironi the fall and quick mo&n of the waiter, 
but from the l^e caufe aUb the bridge itfdf 
is in much danger, cfpecially in time of floods, 
wlien the water is too much for the paffage. 
Add to this that beiides the danger there is' 
pf the pier burfting out the ilerlings, they are 
aUb fiibjed): to much decay and damage by the 
velocity of the water and the craft pafling 
fhrough the arches. 

1*HB.u8Ty the lame as drift, &c» 



Vous 



VouffOlRiy tlic fiooes which immediately 
finm the aidit difir uodar iides codUtudag 
the intcados. The middle QQe» or keyftone, 
ought to be dbout I-I5th or i-i6th of tlie fpan, 
as has been obferved } and the reil ihouid in* 
creafe ia fi&e al) the w^y down to the impoft ; 
the more Aey increaft the better^ as they will 
the better bcir the great weight which refts 
upon them without being ^rufhed, and alfp will 
bind the firmer together^ Their jQints ihouid 
aUb be fut perpendkubr to tsbe curve of th« 
intvidQSt 



THE E N Pi 





' Digitized by Goo< 



tVorks liUelj pubiyhed bj the fame Jutboti 



I. A Treatise on MBNSUitATioN both in Theory and 

/*\ Pra6licc. Containing die demonftration of the 
rules fnr all fi^j^ures whatever, and the methods oi mesi* 
faring ail kmds ot works, ^arto, frige 16 J. bound* 

II. The ScRootMAiTit't Cuidb* being a Complete 
Sf ftem of Arithmetic, micl Book-keeping both bj Sinalo 
ttnd by Double Entry. The third Edit, prki bamtd 31. o/. 

in. The Gs?*TLEMAv and Laby's Miscellany, Con- 
lifting of all the Uletui and Entertaining Parts of the 
Ladies' Diary from the beginning of that work in the 
year 1704 to the prefcnt time ; and a New Mathematical 
Correfpondence. The whole publifhed ia Numbers once 
in three months* /f»r# i #• 6d, each* 

IV. An accurate Plam of Nawe^eTLB and Gates- 
head with their Environs, on two Imperial Atlas Sheets 
of Paper. With a large hiftorical, &c. account of the 
place, a neat view of the Ruins of the Bridge, and an 
account of the late high flood in the north by which 
part of it was throwu dowa. Pncc 6/. 



i 




\ 

\ 

/ 



» 



Digitized by Gopgle 



Digitized by Google 



This book should be returned to 
the Library on or before the last date 
stamped below. 

A fine of five cents a day is incurred 
by retaining it beyond the specified 
time. 

Please return promptly. 





Google 



